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ABSTRACT
AN ANALYSIS OF MORPHOLOGICAL VARIABILITY 
IN NORTH AMERICAN ECHINORHYNCHUS 




Sp ec im en s  o f  E c h in o r h y n c h u s  from many N o r th  American 
l o c a l i t i e s ,  b o t h  f r e s h w a t e r  and m a r i n e ,  v/ere s t u d i e d  i n  an 
a t t e m p t  t o  g a i n  an u n d e r s t a n d i n g  o f  t h e  s p e c i e s  c o m p o s i t i o n  
o f  t h e  g e n u s .  A s e r i e s  o f  791 s p ec im e n s  was e v a l u a t e d  a t  75 
m o r p h o l o g i c a l  c h a r a c t e r s  and t h e  r e s u l t i n g  d a t a  m a t r i x  was 
a n a l y z e d  by  co m p u te r .
The r e s u l t s  o f  t h e  a n a l y s i s  i n d i c a t e  t h a t  t h e r e  a r e  
a t  l e a s t  3 u n d e s c r i b e d  s p e c i e s  i n  t h e  New Eng land  f a u n a ,  two 
from w i n t e r  f l o u n d e r  and one from American  p l a i c e .  I t  i s  
s u g g e s t e d  t h a t  t h e  N o r th  American E c h in o r h y n c h u s  s p e c i e s  
r e c o g n i z e d  by Golvan  (1969) be a c c e p t e d  b u t  t h a t  t h e  g e n e r a  
M etech inorh .vnchus  P e t r o t s c h e n k o  (1956)  and P s e u d o e c h i n o -  
rh y n c h u s  P e t r o t s c h e n k o  (1956) be s u p p r e s s e d .  E. v a n c l e a v e i  
G o lvan  (1969)  i s  a p p l i e d  t o  worms f rom A t l a n t i c  cod and 
p o l l o c k  i n  N o r th  A m er ica .
A s e n s i t i v e  new c o m p u te r  method was d e v e l o p e d  f o r  
t h e  o b j e c t i v e  a n a l y s i s  o f  r a t e s  o f  change  i n  hook c h a r a c t e r -
i x
ti
i s t i c s  a l o n g  t h e  l e n g t h  o f  t h e  a c a n t h o c e p h a l a n  p r o b o s c i s .
The o u t p u t  o f  t h e  r o u t i n e  i s  a  g r a p h i c a l  d i s p l a y  i n  which  
s m a l l  d i f f e r e n c e s  i n  r a t e s  o f  change  i n  ho o k s  a l o n g  t h e  
p r o b o s c i s  can  p r o d u c e  c o n s p i c u o u s  c h a n g e s  i n  t h e  p a t t e r n  o f  
t h e  g r a p h .  The method a l l o w s  f o r  t h e  a n a l y s i s  o f  p o p u l a t i o n s  
c o n t a i n i n g  p r o b o s c e s  w i t h  d i f f e r e n t  s i z e s  o f  hooks  and 
d i f f e r e n t  numbers  o f  hooks  p e r  row w i t h o u t  a f f e c t i n g  t h e  g ra p h  
p a t t e r n .
An e x t e n s i v e  p a ck a g e  o f  d a t a  management p ro g ram s  was 
w r i t t e n  i n  BASIC t im e  s h a r e  l a n g u a g e .  E x p l a n a t o r y  w r i t e - u p s  




T h i s  t h e s i s  c o n s t i t u t e s  an i n v e s t i g a t i o n  i n t o  t h e  
n a t u r e  and s o u r c e s  o f  m o r p h o l o g i c a l  v a r i a b i l i t y  i n  t h e  g e n u s  
E c h i n o r h y n c h u s  M u l l e r ,  1776, i n  N o r th  A m er ica ,  w i t h  p a r t i c u l a r  
e m p h a s i s  on p o p u l a t i o n s  from New E ng land  c o a s t a l  w a t e r s  which  
have  p r e v i o u s l y  b e en  r e c o g n i z e d  a s  E. g a d i  M u l l e r ,  1776.
I t  was hoped t h a t  such  a  s t u d y  would be a b l e  t o  
e x p l a i n  some o f  t h e  v a r i a b i l i t y  e x h i b i t e d  by  t h e  l o c a l  p o p u ­
l a t i o n s  by ( 1 ) a s s i g n i n g  t h o s e  worms p o s s e s s i n g  s i m i l a r  
c h a r a c t e r  i n t e r c o r r e l a t i o n s  t o  s p e c i f i c  t a x o n s  a n d / o r  ( 2 ) 
by  a t t r i b u t i n g  a s  many a s p e c t s  o f  t h e  v a r i a b i l i t y  a s  p o s s i b l e  
t o  t h e  i n f l u e n c e s  o f  p a r t i c u l a r  e n v i r o n m e n t a l  v a r i a b l e s  such  
a s  h o s t  d i f f e r e n c e s ,  e t c .
A s i m p l e  d i s c l o s u r e  o f  t h e  r e m a i n i n g  u n e x p l a i n e d  
v a r i a b i l i t y  was  c o n s i d e r e d  t o  be a  w o r t h w h i l e  g o a l .  T h i s ,  
b e c a u s e  i t  i s  l i k e l y  t h a t  o t h e r  i n v e s t i g a t o r s ,  u n f a m i l i a r  
w i t h  t h e  a c t u a l  e x t e n t  o f  v a r i a b i l i t y  e x h i b i t e d  by  t h e  g ro u p ,  
would  be t e m p te d  t o  d e s c r i b e  a s  new s p e c i e s ,  s m a l l  s e r i e s  o f  
worms t h e y  may e n c o u n t e r  and w hich  d e v i a t e  m o r p h o l o g i c a l l y  
from t h e  r a t h e r  l i m i t e d  l i t e r a t u r e  d e s c r i p t i o n s .
I t  was a l s o  hoped t h a t ,  i n  t h e  c o u r s e  o f  t h e  v a r i a b i l i t y  
s t u d i e s ,  some im provem en ts  c o u l d  be e n v i s i o n e d  i n  t h e  means 




N a t u r a l  H i s t o r y . The A c a n t h o c e p h a l a  a r e  t u b u l a r  
worms which l i v e  a s  o b l i g a t e  i n t e s t i n a l  p a r a s i t e s  o f  v e r t e ­
b r a t e s  w h i l e  a d u l t s  and a s  o b l i g a t e  p a r a s i t e s  o f  t h e  a r t h r o p o d  
haem ocoe l  w h i l e  l a r v a e .
The g r a v i d  f e m a le  d e p o s i t s  s h e l l e d  embryos i n  t h e  
i n t e s t i n e  o f  t h e  d e f i n i t i v e  h o s t .  These  " e g g s "  a r e  p a s s e d  
i n  t h e  f e c e s  and some u l t i m a t e l y  f i n d  t h e i r  way i n t o  t h e  food 
o f  t h e  a p p r o p r i a t e  s p e c i e s  o f  a r t h r o p o d  i n t e r m e d i a t e  h o s t .
Once w i t h i n  t h e  i n t e s t i n e  ( o r  c a e c a )  o f  t h e  a r t h r o p o d ,  t h e  
r a t h e r  amorphous a c a n t h o r  l a r v a  e s c a p e s  i t s  s h e l l ,  p e n e t r a t e s  
t h e  g u t  w a l l  and c o n t i n u e s  i t s  d e v e lo p m en t  i n  t h e  h aem ocoe l .
While  i n  t h e  a r t h r o p o d  haem ocoe l ,  t h e  l a r v a  u n d e r g o e s  
e x t e n s i v e  s t r u c t u r a l  r e o r g a n i z a t i o n  and g r o w th .  The r e s u l t i n g  
i n f e c t i v e  l a r v a ,  t h e  a c a n t h e l l a  ( c y s t a c a n t h ) , h a s  m os t  o f  t h e  
p h y s i c a l  f e a t u r e s  o f  t h e  a d u l t  worm. The i n f e c t e d  i n t e r ­
m e d i a t e  h o s t  m us t  be s u b s e q u e n t l y  consumed by  t h e  d e f i n i t i v e  
h o s t  where  m a le  m us t  e n c o u n t e r  f e m a l e .  C o p u l a t i o n  t h e n  
e n s u e s  and t h e  c y c l e  i s  c o m p le t e d .
Anatomy. The A c a n t h o c e p h a l a  a r e  d i o e c i o u s  p s e u d o -  
c o e lo m a te  B i l a t e r i a ,  l a c k i n g  a  d i g e s t i v e  t r a c t  i n  a l l  s t a g e s  
o f  d e v e lo p m e n t .  The body  i s  d i v i d e d  i n t o  an a n t e r i o r  p resom a 
and a  p o s t e r i o r  metasoma ( F i g u r e  l ) .
The e x t e r n a l  p re so m a  c o n s i s t s  p r i m a r i l y  o f  t h e  
p r o b o s c i s  (p )  armed w i t h  r e c u r v e d  hooks .  The p r o b o s c i s  i s
F i g u r e  1
Anatomy o f  E c h in o r h y n c h u s  sp .  b = c o p u l a t o r y  b u r s a ?  
c = cement g l a n d ?  g = g a n g l i o n ?  1 = l e m n i s c u s ?  n = neck? 
o = o v a r i a n  b a l l ?  p = p r o b o s c i s ?  r e c  = p r o b o s c i s  r e c e p t a c l e ?  
r e t  = r e t i n a c u l u m ?  r e t r  = r e c e p t a c l e  r e t r a c t o r  m usc le?  
sp  = S a e f f t i g e n ' s  pouch? t  = t e s t i s ?  u = u t e r u s ?  ub = u t e r i n e  







5i n t r o v e r t a b l e  i n t o  t h e  p r o b o s c i s  r e c e p t a c l e  ( r e c )  which  
p r o j e c t s  i n t o  t h e  p s e u d o c o e l  be tw een  two l e m n i s c i  ( 1 ) .  The 
l e m n i s c i  a p p a r e n t l y  a c t  a s  r e s e r v o i r s  f o r  t h e  f l u i d  o f  t h e  
p r o b o s c i s  w a l l  upon i n t r o v e r s i o n .  T h e re  i s  u s u a l l y  a  neck  
r e g i o n  (n )  a t  t h e  b a s e  o f  t h e  p r o b o s c i s ,  d i s t i n c t l y  s e p a r a t e d  
from t h e  body w a l l  by  a  c u t i c u l a r  i n f o l d i n g .  A g a n g l i o n  (g) 
i s  s i t u a t e d  i n  t h e  p r o b o s c i s  r e c e p t a c l e  ( n e a r  i t s  c e n t e r  i n  
E c h i n o r h y n c h u s ) from which two m ain  l a t e r a l  n e r v e s  emerge ,  
p e n e t r a t i n g  t h e  r e c e p t a c l e  w a l l .  These  n e r v e s ,  a l o n g  w i t h  
t h e i r  u n u s u a l  s h e a t h  o f  m u s c l e ,  i n n e r v a t e  t h e  body w a l l  
and a r e  r e f e r r e d  t o  a s  r e t i n a c u l a  ( r e t ) .  Two r e c e p t a c l e  
r e t r a c t o r  m u s c l e s  ( r e t r )  p e n e t r a t e  t h e  t i p  o f  t h e  r e c e p t a c l e  
and  i n s e r t  d o r s a l l y  and  v e n t r a l l y  on t h e  body w a l l .
The body w a l l  o f  t h e  t u b u l a r  metasoma e n v e l o p s  a 
s p a c i o u s  p seudocoe lom  c o n t a i n i n g  t h e  r e p r o d u c t i v e  o r g a n s .
The male  p o s s e s s e s  two t e s t e s  ( t )  s i t u a t e d  i n  tandem ,  and 
f o l l o w e d  by  s i x  ( i n  E c h i n o r h y n c h u s ) cement  g l a n d s  ( c )  which  
p r o v i d e  a  p o s t c o p u l a t o r y  cap  f o r  t h e  f e m a l e  g o n o p o r e .  Cement 
g l a n d  d u c t s  and sperm d u c t s  p e n e t r a t e  t h e  m u s c u l a r  pouch o f  
S a e f f t i g e n  ( s p )  which  a p p a r e n t l y  p r o v i d e s  t h e  h y d r o s t a t i c  
e j a c u l a t o r y  f o r c e  d u r i n g  c o p u l a t i o n  a s  w e l l  a s  a s s i s t i n g  i n  
t h e  e x t r o v e r s i o n  o f  t h e  c o p u l a t o r y  b u r s a  (b )  p r i o r  t o  t h e  a c t .
The o v a r i a n  t i s s u e  o f  t h e  f e m a le  i s  f r a g m e n te d  i n t o  
o v a r i a n  b a l l s  ( o ) ,  which  f l o a t  f r e e l y  w i t h i n  t h e  p s e u d o c o e l  
and und e rg o  s u p e r f i c i a l  o o g e n e s i s .  The f e m a le  g e n i t a l  d u c t  i s  
s i m p l e ,  c o n s i s t i n g  o f  a  s h o r t  m u s c u l a r  v a g i n a  (v)  w i t h  
s p h i n c t e r s  and a  l o n g  t u b u l a r  u t e r u s  (u)  and t e r m i n a t i n g
6a n t e r i o r l y  i n  a f u n n e l - l i k e  u t e r i n e  b e l l  ( u b ) .  The c e l l s  
a t  t h e  b a se  o f  t h e  b e l l  a p p a r e n t l y  f u n c t i o n  a s  a  s e l e c t i v e  
a p p a r a t u s ,  ex am in in g  a l l  " e g g s "  e n g u l f e d  by  t h e  u t e r i n e  
b e l l  and  p a s s i n g  a l o n g  o n l y  t h o s e  which  a r e  s u f f i c i e n t l y  
w e l l  d e v e l o p e d .  Those which  a r e  u n d e r d e v e l o p e d  a r e  r e t u r n e d  
t o  t h e  p s e u d o c o e l  v i a  a v e n t r a l  b e l l  o p e n in g .
TAXONOMIC HISTORY
An e x c e r p t  from Yamagut i  (19^3)  a d eq u a te ly -  sums up 
t h e  e a r l y  h i s t o r y  o f  t h e  ph y lu m «
The A c a n t h o c e p h a l a  was f i r s t  r e c o g n i z e d  by K o e l r e u t h e r  
(1771)  a s  a  d i s t i n c t  g ro u p  o f  h e l m i n t h s  u n d e r  t h e  name 
" A c a n t h o c e p h a l i " ,  t hough  o b s e r v e d  p r e v i o u s l y  by Redi (1684) 
and Leeuwenhoek ( 1 6 9 5 ) .  R u d o lp h i  (1808)  g ave  i t  a  r a n k
o f  o r d e r  named " A c a n th o c e p h a la "  ..........  Hamann ( I 8 9 2 )
s e p a r a t e d  G i g a n t h o r h y n c h u s  and N eorhvnchus  from E c h i n o ­
r h y n c h u s , t o  which  a l l  t h e  known a c a n t h o c e p h a l a n  s p e c i e s  
had been  a s s i g n e d ,  and c o n s i d e r e d  t h a t  e a c h  o f  t h e s e  
two g e n e r a  r e p r e s e n t s  a  d i s t i n c t  f a m i l y ,  t h u s  l a y i n g  t h e  
f o u n d a t i o n  o f  t h e  modern taxonomy o f  A c a n t h o c e p h a l a .
At t h e  t u r n  o f  t h e  c e n t u r y ,  many i f  n o t  m os t  o f  t h e  
a c a n t h o c e p h a l a n  s p e c i e s  were  s t i l l  i n  t h e  g e n u s  E c h i n o ­
r h y n c h u s . G r a d u a l l y ,  more and more w o r k e r s  c u t  down t h e  
s i z e  o f  t h e  g e n u s  by  moving some o f  t h e s e  s p e c i e s  t o  o t h e r  
g e n e r a .  By 1932 ,  Meyer r e c o g n i z e d  o n l y  17 v a l i d  E c h in o ­
r h y n c h u s  s p e c i e s  and l o o s e l y  a s s o c i a t e d  9 o t h e r  s p e c i e s  
w i t h  t h e  g e n u s .  Some i n s i g h t  can  be g a i n e d  i n t o  t h e  e x t e n t  
o f  t h e  t a x o n o m ic  maze e n co m p a ss in g  t h i s  g ro u p  by r e a l i z i n g  
t h a t  Meyer (1932)  l i s t e d  f u l l y  443 synonyms f o r  t h i s  
r e l a t i v e l y  s m a l l  g e n u s .
As t h e  g e n u s  was g r a d u a l l y  tr immed down, t h e  
d i a g n o s t i c  theme f o r  s a t i s f y i n g  g e n e r i c  r e q u i r e m e n t s
7c o n t i n u e d  t o  c e n t e r  a ro u n d  E. g a d i  Zoega i n  M u l l e r ,  1776,  
which  i s  t e c h n i c a l l y  t h e  t y p e  s p e c i e s  o f  t h e  e n t i r e  phylum.
Then P e t r o t s c h e n k o  (1956)  d e c i d e d  t h a t  t h e  g e n u s  
s h o u ld  be s p l i t  3 ways on t h e  b a s i s  o f  cement g l a n d  a r r a n g e ­
m en t .  T h i s  s u p e r f i c i a l  c l e a v a g e  h a s  r e s u l t e d  i n  c h a o t i c  
t a x o n o m ic  c o n f u s i o n  and i s  a t  l e a s t  p a r t i a l l y  r e s p o n s i b l e  
f o r  t h e  l a c k  o f  any  s u b s t a n t i a l  p r o g r e s s  i n  E c h in o r h y n c h u s  
taxonomy.
Yamaguti  ( 1 9 6 3 ) ,  w h i l e  c r i t i c i z i n g  G olvan  f o r  h i s  
e m p h as i s  on cement  g l a n d s ,  synonymized  t h e  M etech ino rh .vnchus  
and P s e u d o e c h i n o r h y n c h u s  c r e a t e d  by  P e t r o t s c h e n k o  w i t h  
E c h in o r h y n c h u s  a s  d i a g n o s e d  p r i o r  t o  P e t r o t s c h e n k o ' s  work .  
Yamaguti  ( 1 9 6 3 ) r e c o g n i z e d  31 s p e c i e s  i n  t h e  g e n u s .
G olvan  ( 1 9 6 9 ) ,  a p p a r e n t l y  i g n o r i n g  t h e  v a l i d i t y  
o f  Y a m a g u t i ' s  c r i t i c i s m s ,  expanded t h e  r o l e  o f  cement g l a n d s  
i n  a c a n t h o c e p h a l a n  taxonomy and c a u s e d  even  more c h ao s  by 
h i s  l e g a l i s t i c  a p p l i c a t i o n  o f  t h e  cement  g l a n d  d o c t r i n e  o f  
P e t r o t s c h e n k o .  T h i s  m o s t  r e c e n t  monograph by G o lvan  
r e c o g n i z e s  16 s p e c i e s  o f  E c h i n o r h y n c h u s . 5 s p e c i e s  o f  
P s e u d o e c h i n o r h y n c h u s  and 16 s p e c i e s  o f  M etech ino rh .vnchus  f o r  
a  t o t a l  o f  37 v a l i d  s p e c i e s .  S e v e r a l  o f  t h e  l a t t e r  were  
new s p e c i e s  w hich  Golvan  had c l e a v e d  o u t  o f  t h e  o r i g i n a l  
d i s t r i b u t i o n  o f  E. g a d i  and e r e c t e d  s t r i c t l y  on t h e  b a s i s  o f  
g e o g r a p h y .
L i n t o n  (1891, 1901 ,  1912)  d i d  some w e l l  documented  
work on E c h in o r h y n c h u s  o f  t h e  Woods Hole  r e g i o n  and was 
p a r t i a l l y  r e s p o n s i b l e  f o r  t r i m m in g  down t h e  s i z e  o f  t h e  g e n u s .
8Dr.  W i l b u r  L. B u l l o c k ,  o f  t h i s  i n s t i t u t i o n ,  h a s  p r o v i d e d  me 
w i t h  an  u n p u b l i s h e d  L i n t o n  m a n u s c r i p t  and e v i d e n c e  t h a t  
L i n t o n  had  p l a n n e d  t o  d e s c r i b e  one o f  t h e  s p e c i e s  h e r e i n  
r e d i s c o v e r e d ,  j u s t  p r i o r  t o  h i s  d e a t h .
R ona ld  (1959)  d e s c r i b e d  E. l a u r e n t i a n u s  from f l o u n d e r s  
i n  t h e  G u l f  o f  S t .  L aw ren ce ,  b u t  t h a t  s p e c i e s  ( a s  p e r  h i s  
d e s c r i p t i o n )  h a s  n o t  b e en  e n c o u n t e r e d  i n  t h i s  s t u d y .
9CHAPTER I I  
MATERIALS AMD METHODS 
SPECIMENS
About ^00 s p ec im e n s  o f  m o s t l y  l o c a l  E c h in o r h y n c h u s  
were  s u p p l i e d  by my m a j o r  p r o f e s s o r ,  W i lb u r  L. B u l l o c k .
About 700 sp ec im e n s  o f  E c h in o r h y n c h u s  from t h e  c o l l e c t i o n  
o f  H . J .  Van C leave  were  a l s o  s t u d i e d .  The l o c a l i t y  r e c o r d s  
o f  t h e  Van C leave  c o l l e c t i o n  r a n g e  from New E ng land  t o  
N o r t h e r n  Canada ,  t o  P a c i f i c  m a r ine ,  a s  w e l l  a s  f r e s h w a t e r .  
S e v e r a l  West  C o a s t  sp ec im e n s  were  l o a n e d  by Dr.  G e r a l d  D. 
S c h m id t ,  U n i v e r s i t y  o f  N o r t h e r n  C o l o r a d o ,  G r e e l e y ,  and by 
Dr.  B r e n t  B. N i c k o l ,  U n i v e r s i t y  o f  N e b ra s k a ,  L i n c o l n .
About 1200 sp ec im e n s  o f  l o c a l  e c h i n o r h y n c h i d s  were  saved  
from my a b o r t i v e  a t t e m p t s  t o  d i s c o v e r  t h e  l i f e  c y c l e  o f  
t h e  worm i n  New E n g lan d .
OBSERVATIONS
A Bausch and Lomb " D y n o p t i c "  b i n o c u l a r  compound 
m ic r o s c o p e  was i l l u m i n a t e d  w i t h  an American  O p t i c a l  O r t h o ­
i l l u m i n a t o r  f o r  m i c r o s c o p i c  o b s e r v a t i o n s .  M orphom etr ic  
c h a r a c t e r s  were  e v a l u a t e d  and t a b u l a t e d  i n  o c u l a r  m i c r o m e t e r  
u n i t s  and l a t e r  t r a n s f o r m e d  t o  m i c r o n s  by c o m p u te r .
A comment l o g  was k e p t  f o r  r e c o r d i n g  n o t e s  on 
u n u s u a l  m o r p h o l o g i c a l  f e a t u r e s  and f o r  r e c o r d i n g  i m p o r t a n t  
t h o u g h t s  a b o u t  v a r i a b i l i t y  a s  t h e y  o c c u r r e d .
S l i d e s  from t h e  B u l l o c k ,  Huffman, N ic k o l  and Schmidt
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About 400 s p ec im en s  o f  m o s t l y  l o c a l  E c h in o r h y n c h u s  
were  s u p p l i e d  by my m a j o r  p r o f e s s o r ,  W i lb u r  L. B u l l o c k .
About 700 s p ec im e n s  o f  E c h in o r h y n c h u s  from t h e  c o l l e c t i o n  
o f  H . J .  Van C leave  were a l s o  s t u d i e d .  The l o c a l i t y  r e c o r d s  
o f  t h e  Van C le av e  c o l l e c t i o n  r a n g e  from New Eng land  to  
N o r t h e r n  Canada,  t o  P a c i f i c  m ar ine ,  a s  w e l l  a s  f r e s h w a t e r .  
S e v e r a l  West C o a s t  sp ec im e n s  were l o a n e d  by  Dr.  G e r a l d  D. 
S c h m id t ,  U n i v e r s i t y  o f  N o r t h e r n  C o lo r a d o ,  G r e e l e y ,  and by 
Dr.  B r e n t  B. N i c k o l ,  U n i v e r s i t y  o f  N e b r a s k a ,  L i n c o l n .
About 1200 sp ec im e n s  o f  l o c a l  e c h i n o r h y n c h i d s  were  saved 
from my a b o r t i v e  a t t e m p t s  t o  d i s c o v e r  t h e  l i f e  c y c l e  o f  
t h e  worm i n  New E n g lan d .
OBSERVATIONS
A Bausch and Lomb "D y n o p t i c "  b i n o c u l a r  compound 
m ic r o s c o p e  was i l l u m i n a t e d  w i t h  an American O p t i c a l  O r t h o ­
i l l u m i n a t o r  f o r  m i c r o s c o p i c  o b s e r v a t i o n s .  M orphom etr ic  
c h a r a c t e r s  were e v a l u a t e d  and t a b u l a t e d  i n  o c u l a r  m i c r o m e t e r  
u n i t s  and l a t e r  t r a n s f o r m e d  t o  m i c r o n s  by c o m p u te r .
A comment l o g  was k e p t  f o r  r e c o r d i n g  n o t e s  on 
u n u s u a l  m o r p h o l o g i c a l  f e a t u r e s  and f o r  r e c o r d i n g  i m p o r t a n t  
t h o u g h t s  a b o u t  v a r i a b i l i t y  a s  t h e y  o c c u r r e d .
S l i d e s  from t h e  B u l l o c k ,  Huffman,  N ic k o l  and Schmidt
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c o l l e c t i o n s  w ere  u n l a b e l e d  e x c e p t  f o r  a c c e s s i o n  number.
The f i r s t  s e t  o f  m e asu re m e n t s  were  made w i t h o u t  knowledge  
o f  h o s t  o r  l o c a l i t y  so a s  t o  e l i m i n a t e  any  p o s s i b l e  b i a s  
such  knowledge  m ig h t  o t h e r w i s e  have  i n t r o d u c e d .  The Van 
C le av e  s l i d e s  were  l a b e l e d  b u t  I  made e v e r y  e f f o r t  t o  i g n o r e  
t h e i r  s o u r c e s .
A f t e r  t h e  f i r s t  e x t e n s i v e  s e t  o f  m e a s u re m e n ts  had 
been  c o m p le t e d ,  h o s t  and l o c a l i t y  were  r e c o r d e d  f o r  t h e  
m easu red  worms and a d d i t i o n a l  s p ec im e n s  were  a d d ed ,  where  
n e c e s s a r y ,  so a s  t o  a s s u r e  t h a t  p e r t i n e n t  h o s t s  and l o c a l i t i e s  
were  a d e q u a t e l y  r e p r e s e n t e d  i n  t h e  sam ple .
The e n t i r e  s e r i e s  o f  2000 worms was t h o r o u g h l y  
s t u d i e d  on 5 o c c a s i o n s  from a  more g e n e r a l  v iew i n  an a t t e m p t  
t o  become i n t i m a t e l y  f a m i l i a r  w i t h  t h e  q u a l i t a t i v e  v a r i a b i l i t y  
i n  t h e  sam ple .  T h i s  t y p e  o f  s t u d y  l e d  t o  t h e  d e v e lo p m en t  
o f  many o f  t h e  m o rp h o m e t r i c  c h a r a c t e r s  u sed  i n  t h e  s t u d y  
and u l t i m a t e l y  in d u c e d  t h e  d e v e lo p m e n t  o f  t h e  hook a n a l y s i s  
r o u t i n e  which h a s  assumed a  d o m in a n t  r o l e  i n  t h i s  e n d e a v o r .
TREATMENT OF DATA
A t o t a l  o f  42 c h a r a c t e r s  were  d i r e c t l y  e v a l u a t e d  on 
a t o t a l  o f  791 worms. From t h e s e  o r i g i n a l  o r  " p r im a r y "  
c h a r a c t e r s ,  a d d i t i o n a l  " s e c o n d a r y "  c h a r a c t e r s  were g e n e r a t e d  
by c o m p u te r .  D e t a i l e d  d e s c r i p t i o n s  o f  t h e  c r i t e r i a  f o r  
e v a l u a t i n g  t h e  p r i m a r y  c h a r a c t e r s  and o f  t h e  means by which 
s e c o n d a r y  c h a r a c t e r s  were  d e r i v e d  from them may be found  i n  
t h e  f o l l o w i n g  s e c t i o n .
The f i n a l  d a t a  m a t r i x  c o n s i s t e d  o f  77 v a r i a b l e s  on
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791 c a s e s  f o r  a  t o t a l  o f  a p p r o x i m a t e l y  6 0 ,0 0 0  d a t a  p o i n t s ,  
i n c l u d i n g  b l a n k  c o d e s .  I t  was i n t e n d e d  t h a t  t h i s  d a t a  
would  be p r o c e s s e d  t h r o u g h  t h e  rem ote  t e r m i n a l  t im e  s h a r i n g  
f a c i l i t i e s  on campus b u t  a  l a c k  o f  a d e q u a t e  s o f t w a r e  
n e c e s s i t a t e d  t h e  w r i t i n g  o f  an e x t e n s i v e  s e r i e s  o f  d a t a  
management p r o g r a m s .  T h e s e  p ro g ram s  have  s i n c e  b e en  made 
a v a i l a b l e  t o  t h e  u s e r  p u b l i c  u n d e r  t h e  p a ck a g e  name BIODATA.
A c o m p le te  d e s c r i p t i o n  o f  t h e s e  p ro g r am s  w i t h  l i s t i n g s  can 
be fo und  i n  Appendix  A.
DEFINITIONS 0 £  ANATOMICAL 
CHARACTERS
A s p e c i a l  p rogram  was w r i t t e n  f o r  t h e  p u r p o s e  o f  g e n e r ­
a t i n g  s e c o n d a r y  c h a r a c t e r s  from t h e  p r i m a r y  c h a r a c t e r s  o f  t h e  
above d a t a  m a t r i x .  T h i s  was a c c o m p l i s h e d  by  e n t e r i n g  t h e  s c o r e s  
f o r  a p p r o p r i a t e  c h a r a c t e r s  i n t o  v a r i o u s  m a t h e m a t i c a l  e x p r e s s i o n s  
and s a v i n g  t h e  r e s u l t  a s  a  new c h a r a c t e r .
I n  t h i s  s e c t i o n ,  t h e  a b b r e v i a t e d  names o f  a l l  c h a r a c t e r s  
w i l l  be l i s t e d  and e n u m e r a t e d  i n  a n a t o m i c a l l y  r e l a t e d  g r o u p ­
i n g s .  The a b b r e v i a t e d  names  a p p e a r  e x a c t l y  a s  i n  t h e  co m p u te r  
p r i n t o u t s  where  t h e  l e n g t h  o f  names was l i m i t e d  t o  18 c h a r a c t e r s  
t o t a l .  Some i n c o n s i s t e n c i e s  i n  names r e s u l t e d  from a t t e m p t s  
t o  m axim ize  t h e  d e s c r i p t i v e  c o n t e n t  o f  e ach  name w h i l e  r e s p e c t ­
i n g  t h e  18 c h a r a c t e r  maximum. T h i s  w i l l  be f o l l o w e d  by  a  
s h o r t  t e x t  d e s c r i b i n g  t h e  p r e c i s e  n a t u r e  o f  t h e  c h a r a c t e r  
and t h e  means by  w hich  i t  was e v a l u a t e d .  Each  s e c o n d a r y  
c h a r a c t e r  d e s c r i p t i o n  w i l l  i n c l u d e  a  m a t h e m a t i c a l  f o r m u l a  
e x p r e s s i n g  t h e  r e l a t i o n s h i p  b e tw ee n  t h e  p r i m a r y  c h a r a c t e r s
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from which  i t  was d e r i v e d .  A s t e r i s k s  i n d i c a t e  m u l t i p l i c a t i o n .
1.  T o t a l  L e n g t h :  L i n e a r  m easu rem en t  from t h e  a n t e r i o r  end
o f  t h e  p r o b o s c i s  t o  t h e  p o s t e r i o r  end o f  t h e  body.
2. Metasoma L e n g t h :  An e s t i m a t e  o f  t h e  l e n g t h  o f  t h e  body
p o s t e r i o r  t o  t h e  n e c k ,  a l l o w i n g  f o r  an e s t i m a t e  o f  
n e ck  l e n g t h .
( T o t a l  L) -  ( ( P r o b o s c i s  L) + 0 .1  * ( P r o b o s c i s  L ) )
3. Maximum W id th :  The maximum w i d t h  o f  t h e  body a s
m easu red  a  s h o r t  d i s t a n c e  p o s t e r i a d  t o  t h e  l e v e l  o f  
t h e  p r o b o s c i s  r e c e p t a c l e  t i p .
4 .  P o s t  Body W id th :  The w i d t h  o f  t h e  body n e a r  t h e
p o s t e r i o r  end . M a le s :  a s  m e asu re d  a c r o s s  t h e
cement  g l a n d  c l u s t e r ;  F e m a le s :  a s  m easu red  a  s h o r t
d i s t a n c e  from t h e  p o s t e r i o r  end .
5.  Body T a p e r :  An a t t e m p t  t o  e v a l u a t e  t h e  d e g r e e  o f  t a p e r
o f  t h e  body from a n t e r i o r  t o  p o s t e r i o r .
( P o s t  Body W) » 100 
(Max W)
6. P r o b o s c i s  L e n g t h :  The l i n e a r  m easu rem en t  from t h e
a n t e r i o r  t i p  o f  t h e  e v e r t e d  p r o b o s c i s  a s  s e e n  i n  
p r o f i l e  t o  t h e  p o s t e r i o r  m a rg in  o f  t h e  b a se  o f  t h e  
most p o s t e r i a d  hook.
7. P r o b o s c i s  W id th :  The w i d t h  o f  t h e  e v e r t e d  p r o b o s c i s
a s  m easu red  n e a r  i t s  m i d d l e .
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8. P r o b o s c i s  Volume* An e s t i m a t e  o f  p r o b o s c i s  d i s p l a c e ­
ment .
tt * ( ( P r o b  W ) /2 ) 2 * (P ro b  L)
9. P r o b o s c i s  R a t io *  An e s t i m a t e  o f  t h e  r o b u s t n e s s  o f  t h e
p r o b o s c i s  p r o f i l e .
(P rob  W) * 100 
(P ro b  L)
10. #  o f  Hook Rows* The number o f  l o n g i t u d i n a l  rows o f
hooks  on a p r o b o s c i s  a s  c o u n te d  a ro u n d  t h e  p r o b o s c i s .
11.  Hooks P e r  Row* The l a r g e s t  number o f  hooks  c o u n te d  i n
any l o n g i t u d i n a l  row on t h e  p r o b o s c i s .
12. Hook Number* An e s t i m a t e  o f  t h e  t o t a l  number o f  hooks
p r e s e n t  on a  p r o b o s c i s ,  c o n s i d e r i n g  t h a t  a l t e r n a t e  
rows u s u a l l y  d i f f e r  i n  c o u n t  by one hook.
I n t e g e r  ((Hook Rows) * ( (Hooks  P e r  Row) -  £ ) )
13. Hook D i s t r i b u t i o n *  An a t t e m p t  t o  q u a n t i f y  t h e  p a t t e r n
o f  hook d i s t r i b u t i o n  on t h e  p r o b o s c i s .
(Hooks P e r  Row) * 100 
(Hook Rows)
14. Hook D i s p e r s i o n *  An e s t i m a t e  o f  t h e  amount o f  p r o b o s c i s
s u r f a c e  p r o v i d e d  f o r  e a c h  hook.
S u r f a c e  Ar ea)
( B a s a l  A re a  o f  M idd le  Hook) * (Hook Number))
15. P r o b  C i r c  & #  Rows* An e s t i m a t e  o f  t h e  e x t e n t  t o  which  
l o n g i t u d i n a l  rows o f  h o oks  a r e  crowded t o g e t h e r .
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( P r o b o s c i s  C i r c u m f e r e n c e )
(#  Hook Rows)
16 . P rob  L & Hks/Row* An e s t i m a t e  o f  t h e  i n t e r a c t i o n
be tw een  p r o b o s c i s  l e n g t h  and number  o f  hooks  p e r
l o n g i t u d i n a l  row.
( P rob  L )
(Hks/Row)
17. Ant Hk B lade  Li A n t e r i o r  hook b l a d e  l e n g t h .
18. Ant Hk Base  L» A n t e r i o r  hook b a se  l e n g t h .
19. Mid Hk B lade  Li M iddle  hook b l a d e  l e n g t h .
20.  Mid Hk Base Li M idd le  hook b a se  l e n g t h .
21.  P o s t  Hk B lade  L* P o s t e r i o r  hook b l a d e  l e n g t h .
22.  P o s t  Hk Base Li P o s t e r i o r  hook b a s e  l e n g t h .
B lade  L e n g th  and Base  Len g th  o f  hooks  a r e  m e asu re d
a s  i n d i c a t e d  i n  F i g u r e  2 .
F i g u r e  2 
Hook C h a r a c t e r  Measurement
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The a n t e r i o r  hook i s  t h e  m os t  a n t e r i a d  hook, t h e  
m id d le  hook i s  t h a t  hook r e p r e s e n t i n g  t h e  c o u n ted  
m ed ian  o r  a n t e r i o r  m edian  a s  c o u n te d  from t h e  p o s t ­
e r i o r ,  t h e  p o s t e r i o r  hook i s  t h e  m o s t  p o s t e r i a d  
hook, a l l  hooks  m easured  o n l y  i f  i n  n e a r l y  p e r f e c t  
p r o f i l e .
2 3 . Mid Hook P r o f i l e *  An e s t i m a t e  o f  t h e  p r o f i l e  a r e a  o f
t h e  m id d le  hook.
(Hk Ease  L) » (Hk B lade  L)
2
2k.  Hook R o b u s tn e s s*  An e s t i m a t e  o f  t h e  " h e a v i n e s s "  o r
" s t o u t n e s s "  o f  a  hook a s  i t  a p p e a r s  i n  p r o f i l e .
(Mid Hk Base L) « 100 
(Mid Hk B lade  L)
25. Hook I n c l .  Angle* The a n g l e ,  a s  m easu red  i n  d e g r e e s ,
a t  which t h e  g r e a t e r  c u r v a t u r e  o f  a r e p r e s e n t a t i v e  
hook i s  i n c l i n e d  away from t h e  p r o b o s c i s  s u r f a c e .
26.  S tnd  Hook Angle* An e s t i m a t e  o f  t h e  i n t e r a c t i o n
b e tw een  t h e  shape  o f  a  hook and i t s  i n c l i n a t i o n  
a n g l e .
(Hk I n c l  Angle )
(Hook R o b u s t n e s s )
27. Hk Angle & P rob  Rs An e s t i m a t e  o f  t h e  i n t e r a c t i o n
be tw een  t h e  hook i n c l i n a t i o n  a n g l e  and t h e  " s t u b b i n e s s "  
o f  t h e  p r o b o s c i s .
S in (Rad(H k  I n c l  A n g le ) )  * ( P r o b o s c i s  R a t i o )
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28. Neck Wall  T h ick s  The t h i c k n e s s  o f  t h e  d o r s a l  neck
w a l l  a s  m e asu re d  r a d i a l l y  from t h e  i n n e r  h o u n d ry  o f  
t h e  l o n g i t u d i n a l  m u sc le  l a y e r  t o  t h e  o u t e r  s u r f a c e  
o f  t h e  t e g u m e n t .
29 .  R e l a t i v e  Neck T h i c :  An e s t i m a t e  o f  t h e  r e l a t i v e  neck
w a l l  t h i c k n e s s  a f t e r  i t s  d ep en d en ce  on p r o b o s c i s
w i d t h  h a s  been  t a k e n  i n t o  a c c o u n t .
(Neck W al l  T h i c k n e s s )  * 100 
( P r o b o s c i s  Width)
30. L e m n i s c i  L e n g th s  The l e n g t h  o f  t h e  l o n g e s t  l e m n i s c u s
a s  m easu red  from i t s  f r e e  t i p  t o  i t s  i n s e r t i o n  n e a r  
t h e  b a s e  o f  t h e  n e c k .
31. R e c e p t a c l e  L e n g th s  The l e n g t h  o f  t h e  p r o b o s c i s
r e c e p t a c l e  a s  m e asu re d  from i t s  f r e e  t i p  t o  i t s  
i n s e r t i o n  w i t h i n  t h e  n e c k .
32. R e c e p t a c l e  Wid ths  The w i d t h  o f  t h e  r e c e p t a c l e  as
m easu red  a t  a  r e p r e s e n t a t i v e  l e v e l  n e a r  t h e  g a n g l i o n .
33. R e c e p t a c l e  R a t i o s  An e s t i m a t e  o f  t h e  r e l a t i v e  t h i c k n e s s
o f  t h e  r e c e p t a c l e  a f t e r  i t s  d e p en d e n c e  on r e c e p t a c l e
l e n g t h  h a s  been  t a k e n  i n t o  a c c o u n t .
(Rec W) * 100 
 (Rec L)
3^.  R e c e p t a c l e  Volumes The n a t u r a l  l o g a r i t h m  o f  an  e s t i m a t e  
o f  t h e  d i s p l a c e m e n t  o f  t h e  r e c e p t a c l e .
LOG(tt * ( (R ec  W ) / 2 ) 2 * (Rec L) )
17
35. P rob  V/Rec V R a t io *  An e s t i m a t e  o f  t h e  i n t e r a c t i o n
be tw een  t h e  vo lum es  o f  t h e  p r o b o s c i s  and o f  t h e
r e c e p t a c l e .
(P ro b  Vol)  * 1 0 0  
(Rec Vol)
3 6 . P rob  L /Rec  L R a t i o :  An e s t i m a t e  o f  t h e  i n t e r a c t i o n
be tw een  t h e  vo lum es  o f  t h e  p r o b o s c i s  and o f  t h e
r e c e p t a c l e .
(P rob  L) * 1 0 0  
(Rec L)
37. Rec L -  Lem L: An e s t i m a t e  o f  t h e  e x t e n t  t o  w hich  t h e
t i p  o f  t h e  r e c e p t a c l e  s u r p a s s e s ,  o r  f a i l s  t o  s u r p a s s ,  
t h e  t i p  o f  t h e  l o n g e s t  l e m n i s c u s ,  w i t h  t h e  d i f f e r e n c e s  
i n  t h e i r  i n s e r t i o n  p o i n t s  t a k e n  i n t o  a c c o u n t .
( (Rec  L) + (Rec L ) / 2 0 )  -  (Lem L)
3 8 . % Lem L /Rec  L: An e s t i m a t e  o f  t h e  r e l a t i v e  d i f f e r e n c e
i n  l e n g t h  be tw een  t h e  l o n g e s t  l e m n i s c u s  and t h e
r e c e p t a c l e .
(Lem L) * 100 
(Rec L)
39. Hook No & Rec: An e s t i m a t e  o f  t h e  i n t e r a c t i o n  be tw een
t o t a l  hook number and t h e  s l e n d e r n e s s  o f  t h e  
r e c e p t a c l e .
( ( ( R e c  L ) / ( R e c  W)) * (Hook Number))
100
40,  R e t i n a c u l a  t o  T i p :  The d i s t a n c e  a s  m easu red  from t h e
em ergence  o f  t h e  r e t i n a c u l a  on t h e  l a t e r a l  w a l l s
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o f  t h e  r e c e p t a c l e  t o  t h e  f r e e  t i p  o f  t h e  r e c e p t a c l e .
4 1 . % R e t  t o  T i p /R e c  L: An e s t i m a t e  o f  t h e  p e r c e n t a g e  o f
t h e  r e c e p t a c l e  l e n g t h  t h a t  l i e s  p o s t e r i a d  t o  t h e
em ergence  o f  t h e  r e t i n a c u l a .
( R e t i n a c u l a  t o  T ip )  * 100 
(Rec L)
4 2 .  G a n g l io n  t o  T i p :  The d i s t a n c e  a s  m e asu re d  from t h e
p o s t e r i o r  m a r g in  o f  t h e  r e c e p t a c l e  g a n g l i o n  t o  t h e  
f r e e  t i p  o f  t h e  r e c e p t a c l e .
4 3 .  io Gang t o  T i p / R e c  L: An e s t i m a t e  o f  t h e  p e r c e n t a g e  o f
t h e  r e c e p t a c l e  l e n g t h  t h a t  l i e s  p o s t e r i a d  t o  t h e
p o s t e r i o r  m a rg in  o f  t h e  r e c e p t a c l e  g a n g l i o n .
( G a n g l io n  t o  T ip )  * 100 
(Rec L)
4 4 .  % R e t  -  % Gang: An e s t i m a t e  o f  t h e  d i f f e r e n c e  be tw een
t h e  r e l a t i v e  p o s i t i o n s  o f  t h e  r e t i n a c u l a  and g a n g l i o n  
i n  t h e  r e c e p t a c l e  l e n g t h .
(fo Ret  t o  T i p )  -  (% Gang t o  T ip )
4 5 .  G a n g l io n  L e n g th :  The l i n e a r  m easu rem en t  o f  t h e
r e c e p t a c l e  g a n g l i o n .
4 6 .  R e t r a c t o r  L e n g t h :  The d i s t a n c e  m easu red  b e tw ee n  t h e
i n s e r t i o n  o f  t h e  r e c e p t a c l e  r e t r a c t o r  m u s c l e s  on 
t h e  body w a l l  and t h e  b a s e  o f  t h e  n e ck .
4 7 .  % R e t r / M e t a s o m e : An e s t i m a t e  o f  t h e  p e r c e n t a g e  o f  t h e
metasoma l e n g t h  o c c u p i e d  by R e t r a c t o r  L e n g t h .
( R e t r a c t o r  L) * 100 
(Metasoma L)
M a t u r i t y i  A r a t i n g  g i v e n  each  worm a c c o r d i n g  t o  i t s  
p o s i t i o n  on a  s c a l e  o f  " m a t u r i t y "  which  i s  r e a l l y  a  
complex o f  s u b t l e  c h a r a c t e r i s t i c s  a s s o c i a t e d  w i t h  
age and s e x u a l  d e v e lo p m e n t .
M a le s :  R a ted  0 t o  4
0 = e v i d e n c e  o f  sperm i n  e i t h e r  s e m i n a l  v e s i c l e
o r  s e m i n a l  r e s e r v o i r ;  cement g l a n d  n u c l e i  
p r o m i n e n t ;  t e s t e s  and cement g l a n d s  o c c u p y in g  
o n l y  s m a l l  p o r t i o n  o f  p s e u d o c o e l  d i a m e t e r .
1 = Some e v i d e n c e  o f  sperm p r o d u c t i o n .
2 = Cement g l a n d  n u c l e i  b e g i n n i n g  t o  f r a g m e n t .
3 = Cement g l a n d  n u c l e i  m o s t l y  f r a g m e n t e d  and
cement  g l a n d s  b e g i n n i n g  t o  c a v i t a t e .
4 = Cement g l a n d s  l a r g e l y  c a v i t a t e d ;  t e s t e s  and
cement g l a n d s  l a r g e ,  o c c u p y i n g  c o n s i d e r a b l e  
p o r t i o n  o f  p s e u d o c o e l  d i a m e t e r .
F e m a le s :  R a ted  0 t o  5
0 = O v a r i a n  b a l l s  s t i l l  i n  l i g a m e n t  s a c .
1 = O v a r i a n  b a l l s  f r e e l y  f l o a t i n g  b u t  w i t h  no
e v i d e n c e  o f  ova  f o r m a t i o n .
2 = Z y g o t e s  on o v a r i a n  b a l l s  b u t  no embryos
r e l e a s e d  i n t o  p s e u d o c o e l .
3 = Embryos i n  e a r l y  c l e a v a g e  s t a g e s  p r e s e n t  i n
p s e u d o c o e l .
4 = Embryos i n  l a t e  c l e a v a g e  s t a g e s  b u t  w i t h  no
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e v i d e n c e  o f  s h e l l  f o r m a t i o n .
5 = F u l l y  s h e l l e d  embryos  p r e s e n t .
49 .  G e n i t a l i a  Length*
Males* The d i s t a n c e  m easu red  from t h e  a n t e r i o r  m a rg in  
o f  t h e  a n t e r i o r  t e s t i s  t o  t h e  p o s t e r i o r  end o f  t h e  
body.
Females*  The d i s t a n c e  m e asu re d  from t h e  a n t e r i o r  
m a rg in  o f  t h e  u t e r i n e  b e l l  t o  t h e  p o s t e r i o r  end o f  
t h e  body.
50. % Gen L/Metasoma* An e s t i m a t e  o f  t h e  p e r c e n t  o f  t h e
metasoma l e n g t h  o c c u p ie d  by  t h e  g e n i t a l i a .
(Gen L) * 100 
(Metasoma L)
51. G e n i t a l i a  t o  Rec* An e s t i m a t e  o f  t h e  d i s t a n c e  be tw een
t h e  a n t e r i o r  end o f  t h e  g e n i t a l i a  and t h e  f r e e  t i p  
o f  t h e  p r o b o s c i s  r e c e p t a c l e .
(Metasoma L) -  ( G e n i t a l i a  L) -  ( R e c e p t a c l e  L)
52. T e s t i s  t o  R e t r a c t *  The d i s t a n c e  m e asu re d  b e tw een  t h e
i n s e r t i o n  o f  t h e  r e c e p t a c l e  r e t r a c t o r  m u s c l e s  on 
t h e  body w a l l  and t h e  a n t e r i o r  m a r g in  o f  t h e  a n t e r i o r  
t e s t i s .  N e g a t i v e  i f  t h e  t e s t i s  i s  a n t e r i o r  t o  t h e  
p o i n t  o f  i n s e r t i o n .
53. Ant T e s t i s  L* A n t e r i o r  t e s t i s  l e n g t h .
5^.  Ant T e s t i s  W* A n t e r i o r  t e s t i s  w i d t h .
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55. P o s t  T e s t i s  L* P o s t e r i o r  t e s t i s  l e n g t h .
5 6 . P o s t  T e s t i s  W* P o s t e r i o r  t e s t i s  w i d t h .
57.  T e s t i s  P r o f i l e *  The n a t u r a l  l o g a r i t h m  o f  an e s t i m a t e
o f  t h e  a r e a  o f  a  mid s a g i t t a l  s e c t i o n  o f  a  t e s t i s .
L O G ( ( T e s t i s  L) * ( T e s t i s  W))
5 8 . T e s t i s  R a t io *  An e s t i m a t e  o f  t h e  r e l a t i v e  w i d t h  o f  t h e
t e s t i s .
( T e s t i s  W) * 1 0 0  
( T e s t i s  L)
59. Cement Glnd C l u s t  L* The l i n e a r  d i s t a n c e  o c c u p i e d  by
t h e  c l u s t e r  o f  cement g l a n d s .
60.  #  o f  Cement G lands*  The a c t u a l  number  o f  cement  g l a n d s
a s  c o u n t e d .
61. A r r  o f  Cement Glnd* A means o f  q u a n t i f y i n g  t h e  a r r a n g e ­
ment  o f  t h e  cement g l a n d s .  S i n g l e  g l a n d s  a r e  s c o r e d  
1,  p a i r s  o f  g l a n d s  a r e  s c o r e d  2,  e t c . ,  so t h a t  a 
c l u s t e r  o f  s i x  cement  g l a n d s  w i t h  t h e  a n t e r i o r  t h r e e  
m o n i l i f o r m ,  t h e  4 t h  and 5 t h  p a i r e d ,  and t h e  6 t h  s i n g l e ,  
would be  s c o r e d  11121.
62. Cem G land  L* The l e n g t h  a s  m e as u re d  o f  a  r e p r e s e n t a t i v e
cem ent  g l a n d .
6 3 . Cem Gland  W* The w i d t h  a s  m e asu re d  o f  a  r e p r e s e n t a t i v e
cement g l a n d .
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6^. S em in a l  Ves L e n g t h :  The d i s t a n c e  b e tw ee n  t h e  p o s t e r i o r
m a rg in  o f  t h e  cement g l a n d  c l u s t e r  and t h e  a n t e r i o r
m a r g in  o f  t h e  S a e f f t i g e n ' s  pouch .
6 5 . S f  Pouch L e n g th :  The l e n g t h  o f  t h e  S a e f f t i g e n ' s  pouch
a s  m e a s u r e d .
66. S f  Pouch W id th :  The w id th  o f  t h e  S a e f f t i g e n ' s  pouch
a s  m easu red  n e a r  i t s  m i d d l e .
6 7 . S f  Pouch R a t i o :  An e s t i m a t e  o f  t h e  r e l a t i v e  t h i c k n e s s
o f  t h e  S a e f f t i g e n ' s  pouch a f t e r  t h e  i n f l u e n c e  o f
l e n g t h  h a s  been  e l i m i n a t e d .
(S f  Pch W) » 100 
( S f  Pch L)
68. U t e r i n e  B e l l  L: The l e n g t h  o f  t h e  u t e r i n e  b e l l  a s
m easu red  from t h e  p o s t e r i o r  m a rg in  o f  t h e  b a s e  o f  a  
l a t e r a l  d i v e r t i c u l u m  t o  t h e  a n t e r i o r  m a rg in  o f  t h e  
b e l l .
6 9 . U t e r u s  L e n g t h :  The l e n g t h  o f  t h e  u t e r i n e  t u b e ,  i n c l u d i n g
t h e  p o r t i o n  p o s t e r i o r l y  which  e n v e l o p e s  t h e  v a g i n a l
f u n n e l  and t h e  p o r t i o n  a n t e r i o r l y  w hich  em b races  t h e  
s e l e c t i v e  a p p a r a t u s .
70.  U t e r u s  W id th :  The w i d t h  o f  t h e  u t e r i n e  t u b e  a s  measured
a t  a  r e p r e s e n t a t i v e  l e v e l .
71.  U t e r u s  R a t i o :  An e s t i m a t e  o f  t h e  r e l a t i v e  t h i c k n e s s  o f
t h e  u t e r i n e  t u b e  a f t e r  t h e  i n f l u e n c e  o f  t u b e  l e n g t h
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h a s  been  e l i m i n a t e d .
( U t e r u s  W idth)  * 100 
( U t e r u s  L eng th )
72. V a g in a  Length*  The l e n g t h  o f  t h e  v a g i n a l  s p h i n c t e r  a s
m e asu re d .
73. Egg Length*  The a v e r a g e  o f  t h e  l e n g t h s  o f  s e v e r a l  o f
t h e  l a r g e s t  s h e l l e d  embryos  a s  m easu red  i n  t h e  body 
c a v i t y  o f  a  mounted f e m a le  and c o m p r i s i n g  t h e  d i s t a n c e  
be tw een  t h e  two e x t r e m e s  o f  t h e  t h i c k  f e r t i l i z a t i o n  
membrane.
7^.  S p a r s u s  Female* An e s t i m a t e  o f  t h e  i n t e r a c t i o n  o f  
s e v e r a l  c h a r a c t e r s  r e l a t e d  so a s  t o  maximize  t h e  
d i s c r i m i n a t o r y  v a l u e  a t  t h i s  c h a r a c t e r  i n  s e p a r a t i n g  
s p a r s u s  fo rm s  from o t h e r s .  T h i s  c h a r a c t e r  and t h e  
one t h a t  f o l l o w  a r e  d e r i v e d  by m u l t i p l y i n g  t o g e t h e r  
a l l  c h a r a c t e r s  t h a t  a r e  u s u a l l y  somewhat l a r g e r  
v a l u e d  i n  s p a r s u s  fo rm s  and d i v i d i n g  t h e  r e s u l t i n g  
p r o d u c t  by  t h e  v a l u e  o f  a  c h a r a c t e r  which i s  u s u a l l y  
much s m a l l e r .  The r e s u l t i n g  number  s h o u ld  p r o v i d e  
v e r y  e f f i c i e n t  d i s c r i m i n a t i o n  f o r  s e p a r a t i n g  s p a r s u s  
fo rm s  from o t h e r s .
L O G (( (U te ru s  R a t i o  * (R e l  Rec T h i c k )  * (Hook 
D i s p e r s i o n )  * (Rel  Neck T h i c k ) / ( H o o k s / R o w ) )
75 . S p a r s u s  Male* An e s t i m a t e  o f  t h e  i n t e r a c t i o n  o f  
s e v e r a l  c h a r a c t e r s .
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LOG((Sf Pch R a t i o )  * (Hook D i s p e r s i o n )  * (Rel Rec 
T h i c k )  * (R e l  Neck T h i c k ) / ( H o o k s / R o w ) )
?6 .  Sex i  M ales  a r e  coded a s  +1 ,  f e m a l e s  a s  - 1 .
77 .  H os t  1 Where t h e  h o s t  from which  a  worm had  been  t a k e n
c o u ld  be a s c e r t a i n e d ,  t h e  worm was a s s i g n e d  an i n t e g e r  
a t  t h i s  v a r i a b l e ,  t h e  v a l u e  o f  which  u n i q u e l y  i d e n t i ­
f i e d  i t s  h o s t .  F o l l o w i n g  eac h  o f  t h e  code num bers  
be low i s  t h e  common name o f  t h e  h o s t  u n i q u e l y  encoded 
by t h a t  number .  A l l  names ,  e x c e p t  t h o s e  i n  q u o t e s ,  
a r e  t a k e n  from t h e  o f f i c i a l  l i s t  o f  t h e  American 
F i s h e r i e s  S o c i e t y  ( 1 9 7 0 ) .
0 Unknown.
1 - W i n t e r  f l o u n d e r .
2 = P o l l o c k .
3 = A t l a n t i c  cod .
k = Y e l l o w t a i l  f l o u n d e r .
5 = " T r o u t " .
6 = " S m e l t " .
7 - Haddock.
9 = B u f f a l o  s c u l p i n .
10 = P a c i f i c  s t a g h o m  s c u l p i n .
12 = Lake t r o u t .
13 = Coho sa lm on .
t k = S e a  r a v e n .
15 = S h o r t h o r n  s c u l p i n .
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16 = W hite  h a k e .
17 = Cusk.
18 = Red h a k e ,
19 = American  p l a i c e .
20 = G re e n l a n d  cod.
21 = Longhorn  s c u l p i n .
22 = S e a s n a i l ,
23 = American  sh a d .
24 = R a d i a t e d  shanny .
25 = Cal lion.vmus sp .
26 = S.ymphurus sp .
27 = P r i o n o t u s  sp .
28 = " R o b i n f i s h "  ( P a c i f
29 = V e r m i l i o n  r o c k f i s h
HOOK PATTERN ANALYSIS 
ROUTINE
An a d d i t i o n a l  p ro g ram ,  n o t  a  p a r t  o f  t h e  BIODATA 
s e r i e s ,  was d e v e l o p e d  f o r  t h e  g r a p h i c a l  e l u c i d a t i o n  o f  t h e  
d i s t r i b u t i o n  o f  hook c h a r a c t e r i s t i c s  a l o n g  t h e  a c a n t h o -  
c e p h a l a n  p r o b o s c i s .  The d e v e lo p m e n t  and t h e  a p p l i c a t i o n  o f  
t h i s  program c o n s t i t u t e  t h e  m a j o r  t h r u s t  o f  t h i s  t h e s i s .  A 
s u p e r f i c i a l  e x p l a n a t i o n  o f  t h e  r o u t i n e  a p p e a r s  i n  t h e  f o l l o w ­
i n g  s e c t i o n  and s h o u ld  be s u f f i c i e n t  f o r  a  c o n c e p t u a l  u n d e r ­
s t a n d i n g  o f  t h e  r e s u l t s  d i s c u s s e d .  However,  t h e  s e r i o u s  
r e a d e r ,  p e r h a p s  i n t e r e s t e d  i n  a p p l i c a t i o n  o f  t h e  method t o  
o t h e r  p r o b l e m s ,  i s  e n c o u r a g e d  t o  c o n s u l t  Appendix  B, f o r  a
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d e t a i l e d  s t e p  by  s t e p  e x p l a n a t i o n  o f  t h e  a l g o r i t h m  and f o r  
sample  p r i n t o u t s .
LIFE CYCLE STUDIES
The o r i g i n a l  o u t l i n e  o f  t h i s  t h e s i s  c a l l e d  f o r  
c o n t r o l l e d  l a b o r a t o r y  e x p e r i m e n t s  t o  i n v e s t i g a t e  a s p e c t s  
o f  h o s t  s p e c i f i c i t y  and h o s t  in d u c e d  v a r i a t i o n  i n  l o c a l  
E c h i n o r h y n c h u s . I t  h a s  been  s u g g e s t e d  t h a t  t h e  d e s i g n  o f  
some o f  t h e  e n v i s i o n e d  e x p e r i m e n t s  s h o u ld  be i n c l u d e d  i n  
t h i s  c h a p t e r ,  d e s p i t e  t h e  f a c t  t h a t  no s u b s t a n t i v e  d a t a  
was c o l l e c t e d  i n  t h i s  l i n e  o f  i n v e s t i g a t i o n .
EXPERIMENT I
T h i s  e x p e r i m e n t  was d e s i g n e d  t o  i n v e s t i g a t e  t h e  
e f f e c t s  t h a t  d i f f e r e n t  s p e c i e s  o f  i n t e r m e d i a t e  h o s t s  m ig h t  
h ave  upon t h e  o n t o g e n e t i c  d e v e lo p m e n t  o f  t a x o n o m ic  c h a r a c t e r s .  
I t  was t o  i n v o l v e  t h e  e x p e r i m e n t a l  i n f e c t i o n  o f  s e v e r a l  l a b o r ­
a t o r y  r a i s e d  p o p u l a t i o n s  o f  p o t e n t i a l  i n t e r m e d i a t e  h o s t s  
w i t h  t h e  e g g s  from a  s i n g l e  g r a v i d  f e m a le  worm. A f t e r  t h e  
l a r v a l  worms had  d e v e l o p e d  t o  t h e  a c a n t h e l l a  s t a g e ,  t h e  
i n t e r m e d i a t e  h o s t s  would  be d i s s e c t e d  and t h e  l a r v a e  would 
be  compared f o r  s i g n i f i c a n t  m o rp h o m e t r i c  d i f f e r e n c e s  be tw een  
h o s t s .
EXPERIMENT I I
T h i s  e x p e r i m e n t  would  i n v e s t i g a t e  t h e  e f f e c t  o f  
d i f f e r e n t  d e f i n i t i v e  h o s t s  upon t a x o n o m ic  c h a r a c t e r s .  I t
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would  b e g i n  by  i n f e c t i n g ,  w i t h  e g g s  from a  s i n g l e  worm, a  
l a r g e  p o p u l a t i o n  o f  i n t e r m e d i a t e  h o s t s  o f  a  s i n g l e  s p e c i e s .  
A f t e r  t h e  l a r v a e  had d e v e l o p e d  t o  an i n f e c t i v e  s t a g e ,  t h e  
amphipods  would be f e d  t o  two o r  more s p e c i e s  o f  d e f i n i t i v e  
h o s t s .  The f i s h  would a l l  be s a c r i f i c e d  a t  t h e  same t i m e ,  
e i t h e r  a f t e r  t h e  a p p e a r a n c e  o f  eg g s  o r  o f  dead  worms i n  t h e  
f e c e s  o f  many o f  them. The e x t r a c t e d  worms would t h e n  be 
s t u d i e d  f o r  s i g n i f i c a n t  m orp h o m et r io  d i f f e r e n c e s  b e tw een  
h o s t s .
A l l  o f  t h e  e n v i s i o n e d  e x p e r i m e n t s  would  have  r e q u i r e d  
f i n d i n g  n a t u r a l l y  i n f e c t e d  o r  e s t a b l i s h i n g  e x p e r i m e n t a l l y  
i n f e c t e d  i n t e r m e d i a t e  h o s t s .  Tho u san d s  o f  amphipods  were  
exam ined  f o r  n a t u r a l  i n f e c t i o n s  and o t h e r s  were  ex p o sed  t o  
v a r y i n g  c o n c e n t r a t i o n s  o f  e g g s  f o r  v a r y i n g  l e n g t h s  o f  t im e  
and from v a r i o u s  s o u r c e s  b u t  w i t h o u t  my o b s e r v i n g  a  s i n g l e  
i n f e c t e d  amphipod. T h i s ,  d e s p i t e  N y b e l i n ' s  (1923 ,  24) 
s u c c e s s  w i t h  b o t h  n a t u r a l  and e x p e r i m e n t a l  i n f e c t i o n s  o f  
E u ro p ean  amphipods  w i t h  E. g a d i .
T h i s  l i n e  o f  i n v e s t i g a t i o n  was d ro p p e d  a f t e r  18 
months  b e c a u s e  t h e  t im e  t a b l e  e s t a b l i s h e d  f o r  t h i s  t h e s i s  
d i d  n o t  a l l o w  f o r  t h e  c o m p l e t i o n  o f  an e x p e r i m e n t  a f t e r  t h a t  
t im e  p e r i o d .
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A c o m p u te r  t e c h n i q u e  was developed, i n  t h i s  s t u d y  
w hereby  t h e  p a t t e r n s  o f  change  i n  hook c h a r a c t e r i s t i c s  
a l o n g  t h e  l e n g t h  o f  t h e  a c a n t h o c e p h a l a n  p r o b o s c i s  c o u l d  be 
o b j e c t i v e l y  p o r t r a y e d  f o r  c o m p a r i s o n s .
The r o u t i n e  b e g i n s  w i t h  t h e  m e a s u r i n g  o f  two 
c h a r a c t e r i s t i c s ,  b l a d e  l e n g t h  (BLADE) and b a se  l e n g t h  (BASE) 
f o r  e ac h  hook i n  one row ( s e e  F i g u r e  2 ) .  The c o m p u te r  
g e n e r a t e s  tv/o a d d i t i o n a l  c h a r a c t e r s  from t h e s e  a c c o r d i n g  t o  
t h e  f o l l o w i n g  r e l a t i o n s h i p s *
1. RATIO = BASE * 1 0 0 ;
BLADE
2. AREA = BLADE » BASE.
2
The v a l u e s  o f  t h e s e  c h a r a c t e r s  a r e  t h e n  c o n v e r t e d  
t o  p e r c e n t a g e s  o f  t h e  maximum v a l u e  f o r  t h a t  p r o b o s c i s .
The l o c a t i o n  o f  e ach  hook w i t h i n  t h e  row i s  t h e n  s t a n d a r d ­
i z e d  by d i v i d i n g  i t s  c o u n t e d  p o s i t i o n  num ber ,  f o r  i n s t a n c e  
hook #2 ,  by n + 1 where  n = t h e  number o f  hooks  i n  t h a t  row. 
A l l  f o u r  c h a r a c t e r s  a r e  t h e n  p l o t t e d  s i m u l t a n e o u s l y  by t h e  
c o m p u te r  i n  t h e  same s e t  o f  c o o r d i n a t e s  e x p r e s s i n g  p e r c e n t  
p o s i t i o n  a g a i n s t  p e r c e n t  maximum hook .  The r e s u l t i n g  g r a p h  
p r o v i d e s  t h e  i n v e s t i g a t o r  w i t h  t h e  f o l l o w i n g  i n f o r m a t i o n *
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1. F o r  each  c h a r a c t e r ,  t h e  p e r c e n t  p o s i t i o n  where  
t h a t  c h a r a c t e r  c o u ld  be e x p e c t e d  t o  r e a c h  maximum v a l u e  on 
a  g i v e n  p r o b o s c i s ,
2. F o r  e ach  c h a r a c t e r ,  t h e  r a t e s  o f  change  i n  t h a t  
c h a r a c t e r  i n  e i t h e r  d i r e c t i o n  from t h e  p e ak  o f  t h e  c u r v e ,
3. A p a t t e r n ,  which  cam be s t u d i e d  b o th  q u a n t i t a t i v e l y  
and  q u a l i t a t i v e l y ,  e x p r e s s i n g '  t h e  s i m u l t a n e o u s  c h a n g e s  i n  a l l  
f o u r  hook c h a r a c t e r i s t i c s  a s  a  f u n c t i o n  o f  p e r c e n t  p o s i t i o n .
The s e r i o u s  r e a d e r  i s  e n c o u r a g e d  t o  c o n s u l t  Appendix  
B f o r  a  d e t a i l e d  d e s c r i p t i o n  o f  t h e  a l g o r i t h m  i n v o l v e d  and 
t h e  means  by w h ich  c o n f i d e n c e  e s t i m a t e s  a r e  d e r i v e d .
RESULTS OF HOOK PATTERN 
ANALYSIS
C om posi te  G r a p h s . Two g e n e r a l  p a t t e r n s  o f  hook 
c h a r a c t e r  d i s t r i b u t i o n  have  been  d i s c o v e r e d  f o r  E c h in o -  
r h y n c h u s  i n  E a s t e r n  N o r th  A m er ica .  F i g u r e s  3 &■ 4 d i s p l a y  
t h e s e  two t y p e s  f o r  c o m p a r a t i v e  p u r p o s e s .
The p a t t e r n  r e p r e s e n t e d  by t y p e  I  i s  e x h i b i t e d  by 
worms from ( l )  co d ,  (2) p o l l o c k ,  (3)  some from f l o u n d e r s ,  as  
w e l l  a s  by (U) t h e  f r e s h w a t e r  E, l e i d y i  and w i l l  by  r e f e r e d  
t o  a s  t h e  "G ad i"  p a t t e r n .
Type I I  i s  e x h i b i t e d  by  (1) an  u n d e s c r i b e d  s p e c i e s  
f rom w i n t e r  f l o u n d e r  and h e r e i n  a s s i g n e d  t h e  s t r i c t l y  
c o l l o q u i a l  name " S p a r s u s " ,  (2) by an u n d e s c r i b e d  s p e c i e s  from 
American  p l a i c e  and h e r e i n  c a l l e d  "H ip p o " ,  (3) by  B u l l o c k ' s  
T - s e r i e s ,  o f  u n c e r t a i n  o r i g i n ,  a s  w e l l  a s  by  (4) t h e  f r e s h -
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Figure 3
Comparison o f Gadi (I )  Hook P attern w ith Sparsus ( I I )
Hook Pattern
F ig u re  4
Camera L u c i d a  D raw in g s  o f  Gadi (1 )  Hooks 
w i t h  S p a r s u s  (11 )  Hooks.  D i f f e r e n c e s  
Somewhat E x a g g e r a t e d  f o r  
I l l u s t r a t i v e  P u r p o s e s
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w a t e r  E c h i n o r h y n c h u s  l a t e r a l i s . T h i s  t y p e  I I  p a t t e r n  w i l l  
be r e f e r r e d  t o  a s  t h e  " S p a r s u s "  p a t t e r n ,
The h o r i z o n t a l  a x i s  i n  F i g u r e  3 r e p r e s e n t s  t h e  
s t a n d a r d i z e d  l o c a t i o n  o r  p e r c e n t  p o s i t i o n  o f  t h e  hooks  whose 
c h a r a c t e r s  a r e  p l o t t e d  be low  i t .  The v e r t i c a l  a x i s  r e p r e s e n t s  
t h e  v a l u e  o f  t h e  f o u r  c h a r a c t e r s  e x p r e s s e d  a s  p e r c e n t a g e s  o f  
t h e  maximum v a l u e s  f o r  t h a t  g r a p h .  Each g r a p h  r e p r e s e n t s  
a t  l e a s t  f i v e  p r o b o s c e s  a v e r a g e d  t o g e t h e r .  The l e t t e r s  






A d i a g n o s t i c  d e s c r i p t i o n  o f  t h e  two p a t t e r n s  f o l l o w s .
1 .  Gadi P a t t e r n *  T h e re  i s  a lw ay s  a  l o o p  w i t h i n  t h e  
10 t o  45 p e r c e n t  p o s i t i o n  l e v e l .  T h i s  a n t e r i o r  l o o p  i s  
a lw ay s  b o r d e r e d  be low  by R and b o r d e r e d  above by  B and A 
be tw ee n  t h e  10 and 25 p e r c e n t  p o s i t i o n  l e v e l s  and by L and 
u s u a l l y  A from t h e  30 t o  45 p e r c e n t  p o s i t i o n  l e v e l s .
T h e re  i s  a lw a y s  a  s econd  l a r g e  l o o p  i n  t h e  p o s t e r i o r  
p o r t i o n  o f  t h e  Gadi p a t t e r n .  I t  l i e s  b e tw ee n  t h e  50 and 
85 p e r c e n t  p o s i t i o n  l e v e l s  and i s  b o r d e r e d  be low by B and A 
and b o r d e r e d  above by  R b e tw een  t h e  50 and 55 p e r c e n t  p o s i t i o n  
l e v e l s  and  t h e n  by B and R b e tw ee n  t h e  60 and 85  p e r c e n t  
p o s i t i o n  l e v e l s .  Note  t h a t  A a lw ay s  l e a v e s  L b e f o r e  t h e  
c l o s i n g  o f  t h e  p o s t e r i o r  l o o p  so t h a t  t h e  e x t r e m e  p o s t e r i o r
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l o w e r  b o r d e r  o f  t h i s  l o o p  i s  u s u a l l y  composed o f  L a l o n e .
Note  a l s o  t h a t  a s  L i n t e r s e c t s  t h e  B and R l i n e  p o s t e r i o r l y ,  
i t  f r e q u e n t l y  p i c k s  up R and c a r r i e s  i t  a l o n g .
T he re  i s  u s u a l l y  a  t h i r d ,  l e s s  w e l l  d e f i n e d  lo o p  
s i t u a t e d  above  and  be tw een  t h e  o t h e r  tw o .  I t  u s u a l l y  l i e s  
somewhere b e tw een  t h e  35 and 60 p e r c e n t  p o s i t i o n  l e v e l s  o f  
t h e  g ra p h  and  i s  b o r d e r e d  above by an i r r e g u l a r  B l i n e  and 
on t h e  l o w e r  l e f t  by L and A and on t h e  l o w e r  r i g h t  by R.
I t  i s  a l s o  c h a r a c t e r i s t i c  o f  t h e  Gadi t y p e  t h a t  L 
i s  s e p a r a t e  from t h e  o t h e r s  i n  t h e  a n t e r i o r  20 p e r c e n t  
p o s i t i o n  o f  t h e  g r a p h  and t h a t  L and A v a r y  q u i t e  c l o s e l y  
t o g e t h e r  b e tw ee n  t h e  25  and 70 p e r c e n t  p o s i t i o n  l e v e l s .
2. S p a r s u s  P a t t e r n s  These  p a t t e r n s  have  an a r c h e d  
a p p e a r a n c e  and a r e  o t h e r w i s e  c h a r a c t e r i z e d  a s  f o l l o w s :  B, R
and A v a r y  c l o s e l y  t o g e t h e r  b u t  a p p a r e n t l y  i n d e p e n d e n t  from 
L i n  t h e  a n t e r i o r  30 t o  40 p e r c e n t  p o s i t i o n ;  a l l  f o u r  
c h a r a c t e r s  v a r y  more o r  l e s s  t o g e t h e r  i n  t h e  c e n t r a l  h a l f  o f  
t h e  g r a p h  and u s u a l l y  have  p o s i t i o n a l l y  s i m i l a r  maxima; t h e r e  
i s  some m i x i n g  o f  t h e  c h a r a c t e r s  b e tw een  t h e  65  t o  80 p e r c e n t  
p o s i t i o n  l e v e l s  b u t  w i th  A a lw ay s  f o r m i n g  t h e  l o w e r  m a rg in  
and w i t h  R t e n d i n g  to  form a  s l i g h t  l o o p  o v e r  L, e s p e c i a l l y  
i n  f e m a l e s ;  t h e  p o s t e r i o r  20  p e r c e n t  e x h i b i t s  a  t e n d e n c y  f o r  
t h e  c h a r a c t e r s  t o  f a n  o u t  from one a n o t h e r .
A s e r i e s  o f  31 g r a p h s  g e n e r a t e d  by  t h i s  r o u t i n e  
a p p e a r s  i n  A ppendix  C. The f i r s t  13  g r a p h s  a r e  o f  t h e  Gadi 
t y p e  and a r e  f o l l o w e d  by 12 g r a p h s  o f  t h e  S p a r s u s  t y p e .  The 
two t y p e s  a r e  r e m a r k a b l y  c o n s i s t e n t  w i t h i n  t h e m s e l v e s  and
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a r e  c o n s i s t e n t l y  d i f f e r e n t  from one a n o t h e r .  T h i s  i n  s p i t e  
o f  t h e  f a c t  t h a t  t h e  g e n e r a l  a p p e a r a n c e  o f  t h e  a c t u a l  
p r o h o s c e s  a n a l y z e d  show c o n s i d e r a b l e  v a r i a t i o n  o f  p r o b o s c i s  
a r m a t u r e  w i t h i n  eac h  ty p e  and n o t  more t h a n  a s u g g e s t i o n  o f  
c o n s i s t e n t  d i f f e r e n c e s  b e tw een  t h e  two t y p e s .  I t  i s  a l s o  
i n t e r e s t i n g  t o  n o t e  t h a t  w i t h i n  b o t h  o f  t h e s e  t y p e s  a r e  
s am p le s  from w i d e l y  d i f f e r i n g  s o u r c e s  o f  worms.
F i g u r e  C l 3 i s  t h e  p a t t e r n  d i s p l a y e d  by E ch inorh .vnchus  
l e i d y i . a  f r e s h w a t e r  worm from s a l m o n i d s  and o t h e r  f i s h  o f  
i n l a n d  N o r th  A m er ica .  Note  t h a t  i t s  p a t t e r n  i s  v i r t u a l l y  
i n d i s t i n g u i s h a b l e  from t h a t  o f  E. g a d i . a  m a r in e  fo rm .  A 
s h a r p  c o n t r a s t ,  h ow ever ,  a p p e a r s  be tw een  E. l e i d y i  and E. 
l a t e r a l i s  ( F i g u r e  C23) a l s o  from f r e s h w a t e r  h o s t s .  T h ese  
f r e s h w a t e r  s p e c i e s  were p r e v i o u s l y  d i f f i c u l t  t o  s e p a r a t e  
r e l i a b l y ,  b u t  i t  now a p p e a r s  t h a t  t h e y  a r e  members o f  e n t i r e l y  
d i f f e r e n t  s p e c i e s  g r o u p s  w i t h i n  t h e  g e n u s .
W hile  t h e  E. l a t e r a l i s  p a t t e r n  ( F i g u r e  C23) i s  
d e f i n i t e l y  o f  t h e  S p a r s u s  t y p e ,  i t  d i f f e r s  from t h e  g e n e r a l  
S p a r s u s  p a t t e r n  i n  t h e  f o l l o w i n g  w ays:  T h e re  i s  a  t e n d e n c y
f o r  t h e  L p e ak  t o  be more a n t e r i o r  o f  c e n t e r  and  f o r  t h e  R 
peak  t o  be more p o s t e r i o r  o f  c e n t e r  which h a s  t h e  e f f e c t  o f  
b r o a d e n i n g  t h e  a r c h  o f  t h e  p a t t e r n .  T h i s  c h a r a c t e r i s t i c  i s  
a l s o  e x h i b i t e d  by  t h e  T - s e r i e s ,  F i g u r e s  C21 and C22.
T h i s  b r o a d e n i n g  o f  t h e  a r c h  i s  c a r r i e d  t o  an even  
f u r t h e r  e x t r e m e  i n  t h e  "Hippo" fo rm ,  F i g u r e s  C24 and C25.
F i g u r e  C27 i s  a  p r o b o s c i s  p r i n t  o f  E. s a l m o n i s .
N o t i c e  t h a t  t h e  a n t e r i o r  40  p e r c e n t  p o s i t i o n  i s  s i m i l a r  t o
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t h a t  f o r  t h e  Gadi p a t t e r n  b u t  t h a t  p o s t e r i o r  t o  t h a t  p o i n t  
i t  r e s e m b l e s  no o t h e r  s p e c i e s  t h u s  f a r  examined by t h i s  
method .  The s t e e p  s l o p e  be tw een  t h e  60 and 75 p e r c e n t  
p o s i t i o n  l e v e l s  r e f l e c t s  an a b r u p t  change  i n  t h e  shape  o f  
t h e  hooks  which  o c c u r s  a t  t h i s  l e v e l .  More s am p les  o f  E. 
s a l m o n i s  m us t  be ru n  i n  o r d e r  t o  e s t a b l i s h  t h e  p o s t e r i o r l y  
u p t u r n e d  R c u r v e  and t h e  p o s t e r i o r  B-L l o o p  a s  c o n s i s t e n t  
c h a r a c t e r i s t i c s  o f  E, s a l m o n i s .
F i g u r e  026 i s  from a n o t h e r  u n d e s c r i b e d  p o p u l a t i o n  
t a k e n  m ost  f r e q u e n t l y  from haddock  b u t  from o t h e r  g a d i d s  a s  
w e l l .  The e n t i r e  p a t t e r n  e x h i b i t e d  by t h i s  "S tu b b y "  form i s  
d i s t i n c t  from a l l  o t h e r  p o p u l a t i o n s  exam ined .
F i g u r e  C28 i s  a  c o m p o s i t e  m a le  and f e m a le  g r a p h  from 
a  s e r i e s  o f  P a c i f i c  worms s u p p l i e d  by  B r e n t  B. N i c k o l  o f  t h e  
U n i v e r s i t y  o f  N e b r a s k a .  I  would  h e s i t a t e  t o  c o n c lu d e  a n y t h i n g  
from t h i s  g r a p h  e x c e p t  t o  s a y  t h a t  t h e  i r r e g u l a r i t i e s  e x h i b i t e d  
by t h e  i n d i v i d u a l  c h a r a c t e r  l i n e s  t e n d  t o  s u g g e s t  a  h e t e r o ­
g e n e o u s  sample  o r  p o s s i b l y  m easu rem en t  e r r o r .  The h o o k s  a r e  
r a t h e r  s m a l l  i n  t h i s  fo rm and p r o b a b l y  s h o u ld  have  been  
m easu red  u n d e r  o i l  im m ers ion  i n s t e a d  o f  h i g h  d r y .
F i g u r e s  C29 t h r o u g h  C31 a r e  g r a p h s  from t h r e e  s p e c i e s  
o f  t h e  g e n u s  Pom phorhynchus . i n c l u d e d  h e r e  t o  d e m o n s t r a t e  
t h e  p o t e n t i a l  f o r  e x p a n d in g  t h i s  a n a l y t i c a l  t o o l  beyond t h e  
g e n u s  E c h i n o r h y n c h u s . F i g u r e  C29 was d e r i v e d  from a  s i n g l e  
spec im en  o f  Pomphorhynchus  r o c c i  i n  my c o l l e c t i o n .  F i g u r e s  
C30  and C3I were  d e r i v e d  from m e a s u re m e n ts  made w i t h  a  
m i l l i m e t e r  r u l e r  on d r a w in g s  i n c l u d e d  i n  two d i f f e r e n t  
Pomphorhynchus  s p e c i e s  d e s c r i p t i o n s  from t h e  l i t e r a t u r e .
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Graph Maxima. As e x p l a i n e d  i n  Appendix  B, t h e  hook 
a n a l y s i s  p rogram  a l s o  com putes  t h e  mean v a l u e  f o r  e ach  
c h a r a c t e r  a t  t h e  peak  o f  i t s  c u rv e  w i t h  95% c o n f i d e n c e  
i n t e r v a l s ,  a s  w e l l  a s  e s t i m a t i n g  t h e  p e r c e n t  p o s i t i o n  o f  
t h i s  p e a k .  These  peak  s t a t i s t i c s  have  been  s o r t e d  i n t o  f o u r  
g r o u p s  on t h e  b a s i s  o f  s e x  and on w h e t h e r  t h e y  e x h i b i t  
S p a r s u s  o r  Gadi g r a p h  p a t t e r n s .  W i th in  each  o f  t h e s e  g r o u p s ,  
f o u r  more g r o u p s  a r e  s o r t e d  o u t  a c c o r d i n g  t o  c h a r a c t e r .
F i g u r e s  C32 t h r o u g h  C^7 i n  Appendix  C show t h e  i n t e r r e l a t i o n ­
s h i p s  o f  t h e  g r a p h  p e a k s  w i t h i n  e ach  o f  t h e  r e s u l t i n g  16 
g r o u p s  w i t h  r e g a r d  t o  t h e i r  mean v a l u e s  and p e r c e n t  p o s i t i o n .
I  f e e l  t h a t  t h e  g r a p h  p a t t e r n s  t h e m s e l v e s  p r o v i d e  
an e x c e l l e n t  means o f  s e p a r a t i n g  e c h i n o r h y n c h i d s  i n t o  e i t h e r  
t h e  S p a r s u s  t y p e  p a t t e r n  o r  t h e  Gadi t y p e  p a t t e r n  and t h a t  
l i t t l e  e f f o r t  need  be expended  t o  p r o v i d e  s t a t i s t i c a l  means 
o f  s e p a r a t i n g  t h e  two g r o u p s .  However,  w i t h i n  e i t h e r  g r o u p ,  
s e p a r a t i o n  o f  s p e c i e s  c a n n o t  be made on t h e  b a s i s  o f  p a t t e r n  
a l o n e  and t h e r e f o r e  t h e  n e ed  f o r  s u p p o r t i n g  s t a t i s t i c s .  I n  
a d d i t i o n  t o  t h e  c l a s s i c a l  m o r p h o m e t r i c  d i s t i n c t i o n s  d i s c l o s e d  
i n  t h e  n e x t  s e c t i o n ,  t h e  p l o t t i n g  o f  g r a p h  maxima from t h e  
hook a n a l y s i s  p r i n t o u t  h a s  t h e  a t t r a c t i o n  o f  g l e a n i n g  j u s t  
t h a t  much more i n f o r m a t i o n  from t h e  t a x o n o m i c a l l y  i m p o r t a n t  
p r o b o s c i s  a r m a t u r e .  B r i e f  d i s c u s s i o n s  o f  t h e  r e s u l t s  o f  t h e s e  
p l o t s  f o l l o w .
F i g u r e  C3 2 . Average  maximum BLADE f o r  Gadi p a t t e r n  
f e m a l e s .  Note  t h a t  t h e  means o f  t h e  c o d  (1702)  and p o l l o c k  
( 1 9 2 , 2 0 9 ) fo rm s  a r e  s t a t i s t i c a l l y  s i m i l a r  and t h a t  t h e  means
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o f  t h e  w i n t e r  f l o u n d e r  s a m p le s  ( 1 5 ° ,  1^3) a r e  s i m i l a r  t o  
t h a t  o f  t h e  y e l l o w  t a i l  f l o u n d e r  (212) mean b u t  t h a t  t h e  
g a d i d  g r o u p  means  a r e  s i g n i f i c a n t l y  s m a l l e r  t h a n  t h e  f l o u n d e r  
g r o u p  means .  T h i s  o b v i o u s  s e p a r a t i o n  o f  g a d i d  worms from 
f l o u n d e r  worms a p p e a r s  i n  many s u b s e q u e n t  p l o t s .  The l i m i t s  
o f  E, l e i d y i  o v e r l a p  t h e  two o t h e r  g r o u p s  b u t  r e c a l l  t h a t  
t h e  f o r m e r  i s  o f  i n l a n d  f r e s h w a t e r  o r i g i n .
F i g u r e  C3 3 . Average  maximum BASE f o r  Gadi p a t t e r n  
f e m a l e s .  S e p a r a t i o n  i s  i n c o n c l u s i v e  due t o  m easu rem en t  
e r r o r  and t e n d e n c y  o f  BASE g r a p h s  t o  form two i n d e p e n d e n t  
p e a k s .
F i g u r e  C3^. Average  maximum RATIO o f  Gadi p a t t e r n  
f e m a l e s .  S i g n i f i c a n t  g r o u p i n g s  o f  a l l  f l o u n d e r  means  w i t h  
l e i d y i  b u t  d i f f e r i n g  s t a t i s t i c a l l y  from a s i g n i f i c a n t  
g r o u p i n g  o f  a l l  g a d i d  means .
F i g u r e  G35« Average  maximum AREA o f  Gadi p a t t e r n  
f e m a l e s .  Good s e p a r a t i o n  o f  p o l l o c k  means from f l o u n d e r  
means b u t  w i t h  cod  o v e r l a p p i n g  b o t h .  The s i g n i f i c a n c e  o f  
t h e  p o s i t i o n a l  d e v i a t i o n  o f  t h e  y e l l o w t a i l  mean from t h o s e  
o f  t h e  w i n t e r  f l o u n d e r  h a s  n o t  been  d e t e r m i n e d .
F i g u r e  C3 6 . Average  maximum BLADE o f  Gadi p a t t e r n  
m a l e s .  E x c e l l e n t  g r o u p i n g  o f  p o l l o c k  means  (2 0 9 -1 9 2 )  which  
d i f f e r  from t h e  f l o u n d e r  g r o u p i n g  (150 ,  1 ^3 ,  1?^-, 2 1 2 ) .
F i g u r e  C37. A verage  maximum BASE o f  Gadi p a t t e r n  
m a l e s .  Good s e p a r a t i o n  o f  p o l l o c k  means  from f l o u n d e r  means  
b u t  w i t h  t h e  p o s i t i o n a l  s p r e a d  c a u s e d  by a  t e n d e n c y  f o r  
Gadi p a t t e r n  BASE g r a p h s  t o  form two s e p a r a t e  p e a k s .
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F i g u r e  C3 8 . Average  maximum RATIO o f  Gadi p a t t e r n  
m a l e s .  No e v i d e n c e  o f  s e p a r a t i o n .
F i g u r e  C39. Average  maximum AREA o f  Gadi p a t t e r n  
m a l e s .  E x c e l l e n t  g r o u p i n g  o f  p o l l o c k  means w hich  d i f f e r  
s i g n i f i c a n t l y  from an e x c e l l e n t  g r o u p i n g  o f  f l o u n d e r  means .
F i g u r e  C40. Average  maximum BLADE o f  S p a r s u s  p a t t e r n  
f e m a l e s .  A v e r y  c l o s e  g r o u p i n g  o f  a l l  f o u r  " S p a r s u s "  popu­
l a t i o n  means (140 ,  14 2 F 1 , 174FS, 3.42F) and E. l a t e r a l i s  (LAT). 
N o te ,  h o w ev er ,  t h a t  t h e  T - s e r i e s  mean d i f f e r s  s i g n i f i c a n t l y  
from t h a t  o f  E. l a t e r a l i s . The "Hippo"  p o p u l a t i o n  mean d i f f e r s  
from a l l  o t h e r s .
F i g u r e  C 4 l .  Average  maximum BASE f o r  S p a r s u s  
p a t t e r n  f e m a l e s .  I n c o n c l u s i v e  f o r  r e a s o n s  m e n t io n e d  f o r  
p r e v i o u s  BASE g r a p h s .
F i g u r e  C42. Average  maximum RATIO f o r  S p a r s u s  
p a t t e r n  f e m a l e s .  A lso  i n c o n c l u s i v e .  N o te ,  h ow ever ,  t h a t  
t h e  T - s e r i e s  h a s  t h e  m os t  r o b u s t  hooks  and  t h e  "Hippo"  form 
h a s  t h e  most s l e n d e r .
F i g u r e  C43. A verage  maximum AREA o f  S p a r s u s  p a t t e r n  
f e m a l e s .  S i g n i f i c a n t  s e p a r a t i o n  o f  t h e  T - s e r i e s  from E. 
l a t e r a l i s  and from t h e  f o u r  " S p a r s u s "  p o p u l a t i o n  means  b u t  
w i t h  a l l  o t h e r s  o v e r l a p p i n g .
F i g u r e  C44, A verage  maximum BLADE o f  S p a r s u s  p a t t e r n  
m a l e s .  C lo se  a g re e m e n t  o f  a l l  " S p a r s u s "  p o p u l a t i o n  means 
(140 ,  3.42, 174) b u t  w h ich  o v e r l a p  w i t h  t h e  T - s e r i e s  mean.
Good s e p a r a t i o n  o f  t h e  "Hippo"  p o p u l a t i o n  mean from a l l  
o t h e r s .
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F i g u r e  C1^5. Average  maximum BASE o f  S p a r s u s  p a t t e r n  
m a l e s .  Good g r o u p i n g  o f  " S p a r s u s "  p o p u l a t i o n  means  which 
d i f f e r  s i g n i f i c a n t l y  from b o t h  t h e  T - s e r i e s  and "Hippo" means ,  
t h e  l a t t e r  two o f  which  a r e  m u t u a l l y  o v e r l a p p i n g .
F i g u r e  C4 6 .  Average  maximum RATIO o f  S p a r s u s  p a t t e r n  
m a l e s .  C lo se  a g re e m e n t  o f  a l l  t h r e e  " S p a r s u s "  p o p u l a t i o n  
means b u t  which o v e r l a p  w i t h  b o th  t h e  T - s e r i e s  and "Hippo" 
p o p u l a t i o n  means.  N o te ,  how ever ,  t h a t  once  a g a i n  t h e  "Hippo" 
form h a s  t h e  most s l e n d e r  h o o t s  and t h e  T - s e r i e s  t h e  most 
r o b u s t .
F i g u r e  CU?. Average  maximum AREA o f  S p a r s u s  p a t t e r n  
m a l e s .  C lo se  a g re e m e n t  o f  a l l  t h r e e  " S p a r s u s "  p o p u l a t i o n  
means  b u t  which  o v e r l a p  w i t h  t h e  l i m i t s  o f  t h e  T - s e r i e s  
mean. "Hippo"  mean d i s t i n c t  from a l l  o t h e r s .
N o t i c e  t h a t  w i t h i n  e i t h e r  t h e  S p a r s u s  p a t t e r n  o r  t h e  
Gadi p a t t e r n ,  t h a t  t h e  p e a k s  a lw ay s  o c c u r  a t  n e a r l y  t h e  same 
p e r c e n t  p o s i t i o n  f o r  a  g i v e n  c h a r a c t e r ,  w i t h  t h e  e x c e p t i o n  
o f  Gadi p a t t e r n  BASE g r a p h s .  However,  t h e  p e r c e n t  p o s i t i o n  
o f  t h e  p e a k s  d i f f e r s  b e tw een  t h e  two p a t t e r n s .
Thus  t h e  BLADE p e a k s  o f  t h e  Gadi  p a t t e r n s  ( F i g u r e s  
C32 and C3 6 ) t e n d  t o  o c c u r  i n  t h e  12 t o  25 p e r c e n t  p o s i t i o n  
r e g i o n  w h i l e  t h o s e  o f  t h e  S p a r s u s  p a t t e r n s  ( F i g u r e s  CAO 
and C44) t e n d  t o  o c c u r  i n  t h e  25 t o  37 . 5  p e r c e n t  p o s i t i o n  
r e g i o n .  No such  d i s t i n c t i o n  can  be made f o r  BASE maxima.
The RATIO maxima o f  t h e  Gadi p a t t e r n s  ( F i g u r e s  C3^ 
and C3 8 ) t e n d  t o  c l u s t e r  a b o u t  t h e  75 p e r c e n t  p o s i t i o n  l e v e l  
w h i l e  t h o s e  o f  t h e  S p a r s u s  p a t t e r n s  ( F i g u r e s  C^2 and C46) 
a r e  more l i k e l y  t o  be fo u n d  be tw een  t h e  5°  t o  70 p e r c e n t
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p o s i t i o n  l e v e l s .
S i m i l a r  g e n e r a l i z a t i o n s  can  be made r e g a r d i n g  
p e a k s  o f  AREA c u r v e s .  Those  o f  t h e  S p a r s u s  p a t t e r n s  
( F i g u r e s  C43 and C4?) t e n d  t o  c l u s t e r  j u s t  a n t e r i o r  t o  t h e  
c e n t e r  o f  t h e  g r a p h  w i t h  t h o s e  o f  t h e  Gadi p a t t e r n  ( F i g u r e s  
C35 and C39) l i k e l y  t o  be fo und  b e tw ee n  t h e  22 and 35 
p e r c e n t  p o s i t i o n  l e v e l s .
HSTATISTICAL MORPHOMETRICS 
INTRODUCTION
I t  was o r i g i n a l l y  i n t e n d e d  t h a t  t h e  c e n t r a l  theme 
o f  t h i s  t h e s i s  would he b a se d  on a  s o p h i s t i c a t e d  s t a t i s t i c a l  
a n a l y s i s  o f  a  l a r g e  volume o f  m o rp h o m e t r i c  d a t a .  As t h e  
c o l l e c t i o n  o f  t h e  d a t a  p r o g r e s s e d ,  so d i d  t h e  d ev e lo p m en t  
o f  t h e  hook p a t t e r n  a n a l y s i s  r o u t i n e ,  t h e  r e s u l t s  o f  which 
were d i s c l o s e d  i n  t h e  p r e c e d i n g  s e c t i o n .  When t h e  hook 
a n a l y s i s  r o u t i n e  began  t o  show p r o m i se  o f  such f r u i t f u l  
r e t u r n s ,  e m p h a s i s  was s h i f t e d  t o  t h e  l a t t e r  and s t a t i s t i c a l  
m o r p h o m e t r i e s  g r a d u a l l y  assumed o n l y  a  s u p p o r t i n g  r o l e .
As m e n t io n e d  e a r l i e r ,  h ow ever ,  t h e  hook p a t t e r n  
a n a l y s i s  r o u t i n e  i s  a p p a r e n t l y  o n l y  f u n c t i o n a l  a t  a  t a x o n o m ic  
l e v e l  somewhat above t h a t  o f  t h e  s p e c i e s  and t h u s ,  f o r  s p e c i e s  
r e c o g n i t i o n  w i t h i n  t h e  g e n e r a l  hook p a t t e r n s  e l u c i d a t e d ,  
s t a t i s t i c a l  m o r p h o m e t r i e s  a r e  s t i l l  r e q u i r e d .
A c o l l e c t i o n  o f  s t a t i s t i c a l  summary t a b l e s  i s  p r o ­
v i d e d  i n  A ppendix  E and  w i l l  be r e f e r r e d  t o  i n  t h i s  d i s c u s s i o n .  
A d i r e c t o r y  t o  t h e  t a b l e s  and a  l i s t  o f  t h e  s o u r c e s  o f  t h e  
p o p u l a t i o n s  whose s t a t i s t i c s  a r e  summarized  may be fo und  a t  
t h e  b e g i n n i n g  o f  t h e  Append ix .  D e f i n i t i o n s  o f  c h a r a c t e r s  
employed i n  t h e  a n a l y s e s  a p p e a r  on pp n - 2 5 .
A c o m p le te  i n d e x e d  p r i n t o u t  o f  t h e  e n t i r e  d a t a  s e t  
was o b t a i n e d  from **BI0EDIT ( s e e  A ppendix  A) and h i s t o g r a m s  
were  p r i n t e d  by ^FREQPLOT f o r  e ac h  c h a r a c t e r  and f o r  b o th  
m a l e s  and f e m a l e s .  T h i s  p r i n t o u t  was r e f e r r e d  t o  e x t e n s i v e l y
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i n  t h e  i n v e s t i g a t i o n  and would  be e s s e n t i a l  f o r  a  c o n t i n u a t i o n  
o f  t h e  s t u d y  b u t  i t  was n o t  i n c l u d e d  i n  t h e  t h e s i s  b e c a u s e  
o f  i t s  b u lk  (4^7 p p ) .  I t  i s  a v a i l a b l e  f o r  l o a n  from W i lb u r  
L. B u l l o c k ,  U .N .H . ,  o r  from t h e  a u t h o r  a t  S .W .T .S .U . ,  San 
M arcos .  T a b l e s  El and E2 r e p r e s e n t  a  s t a t i s t i c a l  summary 
o f  t h e  e n t i r e  d a t a  s e t  f o r  a l l  m a le s  and a l l  f e m a l e s  r e s p e c t ­
i v e l y .
T a b l e s  E3 t h r o u g h  E l 8 a r e  s t a t i s t i c a l  summary t a b l e s  
f o r  s e v e r a l  o f  t h e  p o p u l a t i o n s  which  I  have  e i t h e r  r e c o g n i z e d  
a s  b e i n g  m o r p h o l o g i c a l l y  d i s t i n c t  o r  w h ich  I  w ish ed  t o  co n ­
s i d e r  h e r e  f o r  s t r i c t l y  c o m p a r a t i v e  p u r p o s e s .  T a b l e s  E19 
t h r o u g h  E22 a r e  a b s t r a c t s  o f  t h e  p r e c e d i n g  t a b l e s ,  a r r a n g e d  
so t h a t  means may be r e a d i l y  compared b e tw een  i n t e r e s t i n g  
c o m b i n a t i o n s  o f  p o p u l a t i o n s .  Shou ld  t h e  r e a d e r  w ish  t o  
d e t e r m i n e  t h e  s t a t i s t i c a l  s i g n i f i c a n c e  o f  mean d i f f e r e n c e s ,  
he s h o u l d  c o n s u l t  t h e  s t a t i s t i c a l  summary t a b l e s  f o r  t h e  
two p o p u l a t i o n s  i n  q u e s t i o n ,  o b t a i n  t h e  s t a n d a r d  e r r o r s  and 
sample  s i z e s  and e n t e r  t h e s e  s t a t i s t i c s  i n t o  a  s t a n d a r d  "T" 
t e s t  f o r m u l a .  N o te ,  h ow ever ,  t h a t  w here  t h e  r a n g e  o f  any  
c h a r a c t e r  o v e r l a p s  z e r o ,  i t s  s t a n d a r d  e r r o r  and c o e f f i c i e n t  
o f  v a r i a t i o n  a r e  e r r o n e o u s  b e c a u s e  t h e  o b s e r v a t i o n s  were  n o t  
coded b e f o r e  t r e a t m e n t .  Simpson ( I 9 6 0 ) .
RESULTS OF 
STATISTICAL MORPHOMETRICS
R a t h e r  t h a n  l i s t  a l l  o f  t h e  ways i n  which  p o p u l a t i o n s  
a r e  s i m i l a r  o r  d i f f e r e n t  i n  t h e  t e x t  o f  t h i s  s e c t i o n ,  I  s h a l l
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s i m p l y  i n d i c a t e  which  p o p u l a t i o n s  I  c o n s i d e r  t o  be d i s t i n c t  
o r  i d e n t i c a l ,  b a s e d  on a  t h o r o u g h  c o n s i d e r a t i o n  o f  t h e  
s i g n i f i c a n c e  o f  mean d i f f e r e n c e s ,  and  i n d i c a t e  w he re ,  i f  any ,  
t h e  m os t  i m p o r t a n t  d i f f e r e n c e s  l i e .
Gadi Hook P a t t e r n  G r o u p . T a b l e s  E19 and E2.0 l i s t
t h e  means o f  5 s a m p le s  e x h i b i t i n g  t h i s  p a t t e r n .  Cod and
p o l l o c k  worms show r e m a r k a b l y  c o n s i s t e n t  s i m i l a r i t i e s  a t  a l l  
c h a r a c t e r s  f o r  b o t h  m a l e s  and f e m a l e s  and ,  t h e r e f o r e ,  
p r o b a b l y  r e p r e s e n t  s a m p le s  drawn from a common p o p u l a t i o n .  
F l o u n d e r  worms, th o u g h  e x h i b i t i n g  hook p a t t e r n  g r a p h s  
i n d i s t i n g u i s h a b l e  from t h o s e  o f  Pod and p o l l o c k ,  show 
s i g n i f i c a n t l y  d i f f e r e n t  means a t  n e a r l y  20 c h a r a c t e r s  f o r  
b o t h  m a le s  and f e m a l e s ,  A number  o f  t h e s e  c h a r a c t e r s  a r e  
c o m p l e t e l y  s i z e  i n d e p e n d e n t  such  a s  P r o b o s c i s  R a t i o ,  P rob  
V o l / R e c e p t a c l e  Vol, and  %Lem L/Rec  L.
The f e m a l e s  o f  E. l e i d y i  d i f f e r  from a l l  o t h e r  Gadi 
p a t t e r n  f e m a l e s  i n  h a v i n g  a  s m a l l e r  foLem L /Rec  L, a  l a r g e r  
foRet t o  T i p /R e c  L, a  l a r g e r  T^Gang t o  T i p / R e c  L and o t h e r s .
The means o f  t h e  l a t t e r  two c h a r a c t e r s  a r e  v e r y  c o n s i s t e n t  
among t h e  o t h e r  Gadi p a t t e r n  p o p u l a t i o n s  and t h i s  d e v i a t i o n  
p r o b a b l y  r e f l e c t s  a  b a s i c  g e n e t i c  d i f f e r e n c e  i n  E. l e i d . y i .
" S t u b b y " ,  th o u g h  e x h i b i t i n g  an e n t i r e l y  d i f f e r e n t
hook p a t t e r n  g r a p h  from t h e  o t h e r s ,  i s  i n c l u d e d  i n  t h e s e
t a b l e s  b e c a u s e  o f  t h e  o b v i o u s  m o rp h o m e t r i c  s i m i l a r i t i e s  i t  
s h a r e s  w i t h  t h e  Gadi p a t t e r n  g r o u p .
S p a r s u s  P a t t e r n  G ro u p . T a b l e  E21, The T - s e r i e s
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d i f f e r s  c o n s i d e r a b l y  from S p a r s u s  i n  Hook D i s t r i b u t i o n ,
R e l a t i v e  Neck T h i c ,  P rob  V o l /R ec  Vol R a t i o ,  $Lem L/Rec  L,
U t e r u s  R a t i o ,  S p a r s u s  Male and S p a r s u s  Fem ale .
Hippo d i f f e r s  from a l l  o t h e r s  o f  t h e  S p a r s u s  p a t t e r n  
g r o u p  i n  Body T a p e r ,  Mid Hook B lade  L, R e l a t i v e  Neck T h i c ,  
R e c e p t a c l e  R a t i o ,  P ro b  L/Rec  L R a t i o  and some o t h e r s .
A w e l l  p r e p a r e d  s e r i e s  o f  E. l a t e r a l i s  s p ec im e n s  
c o u ld  n o t  be o b t a i n e d  f o r  t h e  m o rp h o m e t r i c  s t u d y  b u t  g e n e r a l  
o b s e r v a t i o n s  on t h e  worms a v a i l a b l e  s u g g e s t  t h a t  i t  d i f f e r s  
from S p a r s u s  i n  h a v i n g  t h e  m a j o r  c u r v a t u r e  o f  t h e  body a r c h e d  
d o r s a l l y  i n s t e a d  o f  v e n t r a l l y .
S p a r s u s  P a t t e r n  v s  Gadi P a t t e r n . T a b le  E22 i s  
p r o v i d e d  t o  i n d i c a t e  t h e  many ways i n  w hich  worms o f  t h e  
" S p a r s u s "  p o p u l a t i o n  d i f f e r  m o r p h o m e t r i c a l l y  from E. g a d i  
o f  f l o u n d e r s .  Though t h e s e  t a b u l a t e d  m o r p h o m e t r i c  d i f f e r e n c e s  
c o u p l e d  w i t h  t h e  d r a s t i c  d i f f e r e n c e  i n  hook p a t t e r n  g r a p h s  
a r e  s t r i k i n g l y  o b v i o u s ,  e a c h  worm r e c o v e r e d  from w i n t e r  
f l o u n d e r s  s h o u l d  be s c r u t i n i z e d  i n d i v i d u a l l y  b e c a u s e ,  
q u a l i t a t i v e l y ,  t h e  worms do n o t  a p p e a r  s t r i k i n g l y  d i f f e r e n t  
t o  t h e  u n t r a i n e d  e y e .  The m os t  o b v i o u s  d i f f e r e n c e s  t o  s can  
f o r  a r e  t h e  t h i c k e n e d  neck  w a l l  and d r a s t i c a l l y  l o w e r  hook 
number o f  S p a r s u s .
P a c i f i c  Coho Salmon Worms. T a b le  E17. T h i s  p o p u l a t i o n  
was a s s i g n e d  t h e  name E, ekbaumi by G olvan  (1969) on t h e  b a s i s  
o f  g e o g r a p h i c  s e p a r a t i o n  b u t  h a s  t h u s  f a r  been  c o n s i d e r e d  to  
be m o r p h o l o g i c a l l y  i n d i s t i n g u i s h a b l e  from E, g a d i  o f  t h e
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A t l a n t i c ,  A c o m p a r i so n  o f  T a b le  E17 w i th  T a b l e s  E19 and E20 
r e v e a l s  t h a t  t h e  two p o p u l a t i o n s  d i f f e r  a t  t h e . f o l l o w i n g  
c h a r a c t e r s :  P rob  L/Rec  L R a t i o ,  ^Gang t o  T i p /R e c  L and
S f  Pch R a t i o .  These  d i f f e r e n c e s  a r e  b a se d  on a  s m a l l  sample 
o f  im m ature  worms and r e q u i r e  v e r i f i c a t i o n  w i t h  l a r g e r  
s am p les  from v / id e r  s o u r c e s .
S a f f r o n  Cod Worms. N.W.T. C an a d a . T a b le  E18, T h i s  
s m a l l  sample  o f  b o t h  m a le s  and f e m a l e s  d o e s  n o t  a p p e a r  t o  
d i f f e r  s u b s t a n t i a l l y  from t h e  cod and p o l l o c k  worms o f  T a b l e s  
E l 9 and E20.
CHARACTER EVALUATION 
INTRODUCTION
I n  t h i s  s e c t i o n ,  t h e  m o r p h o l o g i c a l  c h a r a c t e r s  employed 
i n  t h i s  s t u d y  w i l l  be e v a l u a t e d  a s  r e g a r d s  t h e i r  u t i l i t y  i n  
t h e  g e n u s  E c h i n o r h y n c h u s . These  e v a l u a t i o n s  w i l l  be b a s e d  
p r i m a r i l y  on t h e  c o e f f i c i e n t s  o f  v a r i a t i o n  (C .V . )  b u t  o t h e r  
c r i t e r i a  may be s p e c i f i c a l l y  i m p l i c a t e d  a s  i n f l u e n c i n g  t h e  
e v a l u a t i o n s  o f  c e r t a i n  c h a r a c t e r s .
D e t a i l e d  d e f i n i t i o n s  o f  a l l  t h e  c h a r a c t e r s  may be 
found  i n  C h a p t e r  I I  i n  t h e  same o r d e r  i n  which  t h e y  a r e  
p r e s e n t e d  h e r e .  A s t e r i s k s  a p p e a r  i n  t h i s  d i s c u s s i o n  n e x t  
t o  t h e  names  o f  t h o s e  c h a r a c t e r s  which were  d e v e l o p e d  
e x p r e s s l y  f o r  t h i s  s t u d y  and w h ich ,  t o  t h e  b e s t  o f  my know­
l e d g e ,  a r e  e n t i r e l y  o r i g i n a l ,
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RESULTS
(1) T o t a l  L e n g t h , (2) Metasoma L e n g t h , (3) Maximum 
W i d t h , (4) P o s t  Body W i d t h , (5) Body T a p e r *.  A l l  o f  t h e s e  
c h a r a c t e r s  a r e  s i z e  d e p e n d e n t  and s h o u l d  be employed f o r  
s p e c i e s  s e p a r a t i o n s  o n l y  where  d i f f e r e n c e s  i n  body p r o p o r t ­
i o n s  have  been  d e m o n s t r a t e d .  Metasoma L e n g th  sh o u ld  be used  
i n s t e a d  o f  T o t a l  L e n g th  s i n c e  t h e  l a t t e r  i n c l u d e s  p a r t  o f  
t h e  p re som a  i n  i t s  e v a l u a t i o n .  However,  Metasoma L e n g th  s h o u l d  
be m easu red  d i r e c t l y ,  r a t h e r  t h a n  b e i n g  e s t i m a t e d  from 
T o t a l  L e n g th ,
(6) P r o b o s c i s  L e n g t h , (7 )  P r o b o s c i s  W id th .  Both  o f  
t h e s e  c l a s s i c a l  c h a r a c t e r s  s h o u l d  be r e t a i n e d  b e c a u s e  t h e y  
have  low c o e f f i c i e n t s  o f  v a r i a t i o n ,  e s p e c i a l l y  low f o r  d i r e c t l y  
m easu red  v a r i a b l e s ,
(8) P r o b o s c i s  Volume*. The low  c o e f f i c i e n t s  o f  
v a r i a t i o n  o b t a i n e d  f o r  t h i s  c h a r a c t e r  a r e  e x a g g e r a t e d  b e c a u s e  
o f  t h e  l o g a r i t h m i c  t r a n s f o r m a t i o n  i n v o l v e d  i n  i t s  d e t e r m i n ­
a t i o n .  However,  i t  d o e s  p r o v i d e  an a d d i t i o n a l  means o f  
d i s c r i m i n a t i n g  be tw een  s p e c i e s  and i t s  use  s h o u l d  be r e t a i n e d ,
(9) P r o b o s c i s  R a t i o * .  T h i s  i s  an e x c e l l e n t  c h a r a c t e r  
which s h o u l d  be e x p l o i t e d  a s  much a s  p o s s i b l e  i n  t h i s  g en u s  
and o t h e r s .  I t  h a s  t h e  a d v a n ta g e  o f  r e s u l t i n g  i n  a  p u r e  
number  n o t  r e l a t e d  t o  t h e  s i z e  o f  t h e  o r g a n  b u t  e f f e c t i v e l y  
m e a s u r i n g  i t s  s h a p e .  I t  h a s  a  low C.V. and ,  i n  s am p le s  
h e t e r o g e n e o u s  w i t h  r e g a r d  t o  age o r  s i z e ,  i t  may show a 
l o w e r  C.V. t h a n  e i t h e r  o f  t h e  o r i g i n a l  v a r i a b l e s  from which
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i t  i s  d e r i v e d ,
(10) £  o f  Hook Rows, (11) Hooks P e r  Row. These  
c l a s s i c a l  c h a r a c t e r s  s h o u ld  be r e t a i n e d  b u t  i t  m us t  be u n d e r ­
s t o o d  t h a t  r e p r o d u c t i v e l y  i s o l a t e d  s y m p a t r i c  s p e c i e s  n e ed  
n o t  n e c e s s a r i l y  e x h i b i t  s i g n i f i c a n t  d i f f e r e n c e s  i n  e i t h e r  o f  
t h e s e  c h a r a c t e r s .  I n  such  c a s e s ,  some o f  t h e  c h a r a c t e r s  
d e r i v e d  from them be low  may p ro v e  t o  be more e f f i c i e n t  
d i s c r i m i n a t o r s .
(12) Hook Number*.  T h i s  c h a r a c t e r ,  t o  my know ledge ,  
h a s  p r e v i o u s l y  o n l y  been  e s t i m a t e d  by m u l t i p l y i n g  t h e  a v e r a g e  
number  o f  hook rows by t h e  a v e r a g e  number  o f  hooks  p e r  row.
T h i s  i s  a  m i s l e a d i n g  means  o f  d e r i v a t i o n  and s h o u l d  be d i s ­
c o n t i n u e d  i n  l i e u  o f  c a l c u l a t i n g  i t s  v a l u e  f o r  e v e r y  i n d i v i d u a l  
on which  (10) and (11) have  been  d e t e r m i n e d .  B e t t e r  y e t  would 
be t h e  a c t u a l  c o u n t i n g  o f  t h e  t o t a l  number  o f  h o oks  on e i g h t
o r  so p r o b o s c e s .
(13) Hook D i s t r i b u t i o n * . T h i s  i s  an e x c e l l e n t  
c h a r a c t e r  w i t h  a  low  C.V, I t  h a s  t h e  added  a d v a n ta g e  o v e r
(10) and ( 1 1 ) ,  from which  i t  was d e r i v e d ,  i n  t h a t  i t  a p p r o a c h e s  
t h e  c h a r a c t e r i s t i c s  o f  a  c o n t i n u o u s l y  d i s t r i b u t e d  v a r i a t e  and 
may be u sed  i n  many t e s t s  o f  s i g n i f i c a n c e  i n  which (10) and
(11)  c a n n o t  be l e g a l l y  compared .
(14) Hook D i s p e r s i o n *.  T h i s  c h a r a c t e r ,  a s  i t  i s  
h e r e i n  d e r i v e d ,  i s  n o t  u s e f u l  b e c a u s e  i t s  v a l u e  i s  a  f u n c t i o n  
o f  t h e  a b s o l u t e  s u r f a c e  a r e a  o f  t h e  p r o b o s c i s  and i s ,  t h e r e f o r e ,  
s i z e  d e p e n d e n t .  I  b e l i e v e  t h a t  i t s  v a l u e  s h o u l d  be d i v i d e d
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by some f u n c t i o n  o f  t h e  p r o b o s c i s  s i z e  t o  e l i m i n a t e  t h i s  
u n d e s i r a b l e  l i n k a g e  and  improve  i t s  C.V.
(15) P ro b  C i r c  & £  Rows*. T h i s  c h a r a c t e r  p r o v i d e s  
good d i s c r i m i n a t i o n  b e tw ee n  some s p e c i e s  when t h e  sam p les  
i n  c o m p a r i so n  a r e  t h e m s e l v e s  homogeneous w i t h  r e s p e c t  t o  
p r o b o s c i s  w i d t h .  I t ,  t o o ,  s h o u l d  be s t a n d a r d i z e d  t o  e l i m i n a t e  
t h e  i n f l u e n c e  o f  p r o b o s c i s  s i z e .
(16)  P ro b  L & Hks/Row*. T h i s  c h a r a c t e r  s u f f e r s  from
t h e  same a f f l i c t i o n  a s  (14) and (15)  above and r e c e i v e s  t h e
same re c o m m en d a t io n s  f o r  im provem ent .
(17)  M i  Mi B lade  L, (18)  Ani  Mi Base L, (19)  Mid Mi
B lade  L, (20) Mid Hk Base  L, (21)  P o s t  Hk B lade  L, (22) Mid
Hk Base L. These  c h a r a c t e r s  s h o u l d  a l l  be  r e t a i n e d  w i t h  t h e  
f o l l o w i n g  r e s e r v a t i o n s *  b a s e  l e n g t h s  s h o u l d  be m e a s u re d  
u n d e r  o i l  im m e rs io n  where  p o s s i b l e  and t h e  c h a r a c t e r i s t i c s  
o f  hooks  i n  t h e  c e n t r a l  80% o f  t h e  p r o b o s c i s  s h o u l d  be 
em p h as iz ed  o v e r  t h o s e  o f  t h e  e x t r e m e  a n t e r i o r  and p o s t e r i o r  
h o o k s ,  b e c a u s e  t h e  l a t t e r  a r e  more v a r i a b l e .
(23)  Mid Hook P r o f i l e *.  Though t h e  C.V. i s  r e l a t i v e l y  
h i g h  f o r  t h i s  c h a r a c t e r ,  I  would  e x p e c t  a  r e f i n e m e n t  o f  hook 
b a s e  l e n g t h  m e a s u re m e n t s  t o  r e s u l t  i n  a  c o n s i d e r a b l e  im p r o v e ­
ment i n  i t s  u t i l i t y .  As i s ,  i t  i s  s t i l l  u s e f u l  f o r  s e p a r a t i n g  
some s p e c i e s  t o  a  d e g r e e  o f  r e l i a b i l i t y  n o t  p o s s i b l e  w i t h  
e i t h e r  o f  t h e  c h a r a c t e r s  from w h ich  i t  was d e r i v e d .
(24)  Hook R o b u s t n e s s * .  T h i s  h a s  p r o v e d  t o  be an
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e x c e l l e n t  c h a r a c t e r  w i t h  a  low C.V. and which  c o u l d  be even  
f u r t h e r  im proved  by r e f i n i n g  b a s e  l e n g t h  m e a s u re m e n ts .
(25)  Hook I n c l  A n g l e . (26)  S t n d  Hk A n g le* . (2 ? )  Hk 
Angle  & P rob  R*. A l l  o f  t h e s e  c h a r a c t e r s  a r e  u s e l e s s  e x c e p t  
i n  t h e  b r o a d e s t  s e n s e ,  such  a s  t o  s a y  t h a t  S tu b b y  c h a r a c t e r ­
i s t i c a l l y  h a s  t h e  hooks  i n c l i n e d  a t  a  c o n s p i c u o u s l y  l a r g e r  
a n g l e  t h a n  t h e  o t h e r  e c h i n o r h y n c h i d s .
(28)  Neck W al l  T h i c k *. (29 )  R e l a t i v e  Neck T h i c *.
Both  o f  t h e s e  c h a r a c t e r s  have  p r o v e n  v a l u a b l e  i n  t h e  s e p a r a t i o n  
o f  New E n g lan d  e c h i n o r h y n c h i d s  and s h o u ld  be t e s t e d  on s t i l l  
o t h e r  s p e c i e s .
(30) L e m n is c i  L e n g t h . The l e n g t h  o f  t h i s  o r g a n  s h o u l d  
be d e s c r i b e d  i n  t e r m s  o f  p e r c e n t  r e c e p t a c l e  l e n g t h  a s  p e r  ( 3 8 ) .  
As raw d a t a ,  i t  s u f f e r s  from s i z e  d e p e n d e n c e .
(31) R e c e p t a c l e  L e n g t h . Though t h e  l e n g t h  o f  t h i s  
h i g h l y  c o n t r a c t i l e  o r g a n  i s  i n f l u e n c e d  by worm s i z e  and 
p r e - f i x a t i o n  t e c h n i q u e ,  I  f e e l  i t s  l e n g t h  s h o u l d  be s t a t e d  
and p r o v i d e d  a s  a  r e f e r e n c e  p o i n t  f o r  a l l  o t h e r  o r g a n s  o f  
t h e  i n t e r n a l  p re so m a ,  and t h a t  a l l  o f  t h e  l a t t e r  s h o u ld  be 
e x p r e s s e d  i n  t e r m s  o f  p e r c e n t  r e c e p t a c l e  l e n g t h .
(32) R e c e p t a c l e  W i d t h . T h i s  c h a r a c t e r  h a s  a  low 
C.V. b u t  h a s  n o t  p r o v i d e d  f o r  t h e  e f f i c i e n t  d i s c r i m i n a t i o n  
o f  e c h i n o r h y n c h i d s  I  have  s t u d i e d .
(33) R e c e p t a c l e  R a t i o *.  T h i s  c h a r a c t e r  h a s  a
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m o d e r a t e  C.V. and h a s  n o t  a i d e d  i n  t h e  s e p a r a t i o n  o f  s p e c i e s  
b u t  I  f e e l  i t  s h o u l d  be i n v e s t i g a t e d  i n  e v e r y  c a s e  b e c a u s e  
o f  t h e  p o t e n t i a l  u t i l i t y  o f  any  c h a r a c t e r  e x p r e s s e d  a s  a  
p u r e  number.
(3*0 R e c e p t a c l e  Volume*.  The low C .V . s  t a b u l a t e d  
f o r  t h i s  v a r i a b l e  a r e  a c t u a l l y  l o g a r i t h m s  o f  t h e  r e a l  O .V .s  
an d ,  t h e r e f o r e ,  m i s l e a d i n g .  T h i s  c h a r a c t e r  w i l l  p r o b a b l y  
n e v e r  be o f  s u b s t a n t i a l  u t i l i t y ,  e x c e p t  p e r h a p s  i n  t h e  
d e r i v a t i o n  o f  ( 3 5 ) .
(35 )  P rob  V/R e c  V R a t i o * .  Though t h i s  c h a r a c t e r  
h a s  an  e x c e s s i v e l y  h i g h  C .V . ,  i t  i s  a  ro ugh  e s t i m a t e  o f  t h e  
s i z e  d i f f e r e n c e  b e tw ee n  t h e  p r o b o s c i s  and r e c e p t a c l e  and
h a s  been  u s e f u l  f o r  s u p p o r t i n g  o t h e r  m o r p h o l o g i c a l  d i f f e r e n c e s  
b e tw een  s p e c i e s .
( 3 6 ) P rob  L/R ec  L R a t i o *.  I  recommend c o n t i n u i n g  
t h i s  c h a r a c t e r  f o r  r e a s o n s  s t a t e d  i n  ( 3 5 ) a b o v e .
(3 ? )  Rec L - Lem L, Much t o o  v a r i a b l e  t o  be o f  any u s e  
f o r  c o m p a r a t i v e  p u r p o s e s .
( 3 8 ) %Lem L/R ec  L. Though t h i s  c h a r a c t e r  h a s  a  
r e l a t i v e l y  l a r g e  C .V . ,  i t  h a s  p r o v i d e d  e x c e l l e n t  d i s c r i m i n a t i o n  
i n  some c a s e s  and s h o u l d  r e p l a c e  t h a t  o f  l e m n i s c i  l e n g t h  
w h ich  h a s  a  much h i g h e r  C.V. and  l e s s  i n f o r m a t i o n a l  c o n t e n t .  
L em n iscu s  l e n g t h  i s  se ldom e x p r e s s e d  a s  a  p e r c e n t  o f  r e c e p t ­
a c l e  l e n g t h  a s  c a l c u l a t e d  f o r  e v e r y  worm b u t  t h e  u se  o f  t h i s  
method s h o u l d  be s t r o n g l y  e n c o u r a g e d .
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(39) Hook No and Recfi; T h i s  i s  a  w o r t h l e s s  c h a r a c t e r  
and  s h o u l d  be d ro p p e d  from c o n s i d e r a t i o n .
(40) R e t i n a c u l a  t o  T i p * .  ( 4 l )  %Ret t o  T i p /R e c  L*,
(4 ? )  G a n g l i o n  t o  T i p '*. (43 )  ?£Gang t o  T i p *. I  b e l i e v e  t h e s e  
c h a r a c t e r s  s h o u l d  be i n v e s t i g a t e d  v i g o r o u s l y  f o r  t h e i r  
p o t e n t i a l  e x p a n s i o n  i n t o  o t h e r  g r o u p s .  P l e a s e  r e f e r  t o
T a b le  E l 9 and n o t i c e  t h e  c o n s i d e r a b l e  v a r i a b i l i t y  o f  R e c e p t a c l e  
L e n g t h ,  R e t i n a c u l a  t o  T ip  and G a n g l i o n  t o  T i p .  N o te ,  
h ow ever ,  t h a t  t h e  r a t i o s  %Ret t o  T i p /R e c  L and $Gang t o  T i p /  
Rec L a r e  r e m a r k a b l y  c o n s t a n t .  T h i s  i s  a l s o  t r u e  f o r  f e m a l e s  
a s  shown i n  T a b l e  E20, w i t h  t h e  c o n s p i c u o u s  e x c e p t i o n  o f  E. 
l e i d y i , from i n l a n d  f r e s h w a t e r .  The C .V . s  o f  t h e  p e r c e n t  
t r a n s f o r m a t i o n s  a r e  d r a s t i c a l l y  l o w e r  t h a n  t h o s e  o f  t h e  
v a r i a b l e s  from which  t h e y  w ere  d e r i v e d  and s h o u l d  p r o v i d e  an 
e x c e l l e n t  i n d i c a t o r  o f  body  p r o p o r t i o n s  w i t h o u t  t h e  i n f l u e n c e  
o f  body s i z e .
(44)  ^ R e t - ^Gang* .  E x t r e m e l y  v a r i a b l e  and s h o u l d  be
d ro p p e d .
(45)  G a n g l i o n  L e n g t h . U s e f u l  o n l y  i n  t h e  b r o a d l y  
d e s c r i p t i v e  s e n s e  b e c a u s e  o f  d i f f i c u l t y  i n  m e a s u r i n g  and 
m e asu re m e n t  e r r o r .
(46 )  R e t r a c t o r  L en g th *  Too v a r i a b l e  f o r  d i r e c t  
c o m p a r i s o n  b u t  s h o u l d  be d e t e r m i n e d  f o r  t h e  s u b s e q u e n t  
d e r i v a t i o n  o f  ( 4 ? ) .
(47 )  ^ R e t r / M e t a s o m e *. Has t h e  p o t e n t i a l  o f  b e i n g
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a  good c h a r a c t e r  i n  s p i t e  o f  v a r i a b i l i t y  above C.V. = 10.
I t  h a s  t h e  a t t r a c t i o n  o f  e x p r e s s i n g  a n o t h e r  body p r o p o r t i o n  
i n  t e r m s  o f  a  p u r e  number.
(48 )  M a t u r i t y *.  I  can  t h i n k  o f  no c h a n g e s  o r  
r e c o m m en d a t io n s  h e r e  e x c e p t  t h a t  e x p e r i m e n t s  s h o u l d  be r u n  
a t  some l a t e r  d a t e  t o  d e t e r m i n e  t h e  v a l i d i t y  o f  t h e  s c a l e  I  
h ave  e s t a b l i s h e d .
( 4 9 )  G e n i t a l i a  L e n g t h . A s i z e  d e p e n d e n t  c h a r a c t e r  
w h ich  s h o u l d  be d e t e r m i n e d  o n l y  f o r  t h e  d e r i v a t i o n  o f  ( 5 0 ) .
( 5 0 )  ?<Gen L/M etaso m a . An e x c e l l e n t  c h a r a c t e r ,  
e s p e c i a l l y  f o r  m a l e s .  E x p r e s s e s ,  i n  t e r m s  o f  a  p u r e  number,  
t h e  p r o p o r t i o n  o f  t h e  body  c a v i t y  o c c u p i e d  by  g e n i t a l i a .
(5 1 )  G e n i t a l i a  t o  R e c . T h i s  one h a s  an  e x c e s s i v e l y  
h i g h  C.V. w hich  c o u l d  be  d r a s t i c a l l y  r e d u c e d  by  e x p r e s s i n g  
t h i s  v a l u e  a s  a  p e r c e n t  o f  Metasoma l e n g t h .
( 5 2 )  T e s t i s  t o  R e t r . I  am u n a b l e  t o  a c c u r a t e l y  
e v a l u a t e  t h i s  c h a r a c t e r  b e c a u s e  o f  e r r o r s  i n  t h e  C.V. 
c a l c u l a t i o n .  However,  t h e  c h a r a c t e r  was  d e v e l o p e d  b e c a u s e  
o f  c o n s i s t e n t  d i f f e r e n c e s  b e tw ee n  p o p u l a t i o n s  i n  t h i s  r e g a r d .  
I t  s h o u l d  be  i n v e s t i g a t e d  f u r t h e r  and p o s s i b l y  e x p r e s s e d  a s  
p e r c e n t  m etasom a l e n g t h .
(5 3 )  Ant T e s t i s  L,  (54) Ant T e s t i s  W, (55)  P o s t  
T e s t i s  L, ( 5 6 ) P o s t  T e s t i s  W, (57 )  T e s t i s  P r o f i l e * ,  (58) 
T e s t i s  R a t i o * ,  (59)  Cement Glnd  C l u s t  L.  These  c h a r a c t e r s
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a r e  u s e f u l  o n l y  i n  a  b r o a d l y  d e s c r i p t i v e  s e n s e  b e c a u s e  t h e y  
a r e  c l o s e l y  s i z e  and m a t u r i t y  d e p e n d e n t .  I n  f a c t ,  (57) may 
p ro v e  t o  be an  e f f i c i e n t  e s t i m a t o r  o f  age i n  m a l e s .
(60) Cem G l a n d s . U s e f u l  i n  t h e  s e n s e  o f  d e s c r i b i n g  
t h e  n a t u r e  and  f r e q u e n c y  o f  d e p a r t u r e s  from t h e  n o rm a l  number.
( 6 1) A r r  o f  Gem G l a n d s *.  V a l u a b l e  a s  a  n o m in a l  
v a r i a t e  e s t i m a t i n g  t h e  t e n d e n c y  t o  d e p a r t  f rom t h e  m o n i l i f o r m  
a r r a n g e m e n t .
(62)  Cem G land  L, ( 6 3 ) Gem G land  W, (64) S e m in a l  Yes 
L e n g t h . U s e f u l  o n l y  i n  t h e  b r o a d l y  d e s c r i p t i v e  s e n s e .
( 6 5 ) S f  Pch L e n g t h . (66) S f  Pch W i d t h . F a i r l y  good 
C .V . s  b u t  somewhat s i z e  and m a t u r i t y  d e p e n d e n t .  More u s e f u l  
f o r  t h e  d e r i v a t i o n  o f  ( 6 7 ) t h a n  a s  i n d e p e n d e n t  c h a r a c t e r s .
( 6 7 ) S f  Pch R a t i o * .  May p r o v e  t o  be a  v e r y  u s e f u l  
c h a r a c t e r  i f  some r e l i a b l e  c o n v e n t i o n s  can  be e s t a b l i s h e d  
f o r  m e a s u r i n g  t h e  c h a r a c t e r s  from w h ich  i t  i s  d e r i v e d .
(68)  U t e r i n e  B e l l  L,  ( 6 9 ) U t e r u s  L e n g t h . (70) U t e r u s  
W id th . (71)  U t e r u s  R a t i o * .  (72 )  V a g in a  L e n g t h . T h e re  a r e  
p o t e n t i a l l y  some good c h a r a c t e r s  h e r e  i f  r e a s o n a b l e  c o n v e n t i o n s  
c o u ld  be e s t a b l i s h e d  f o r  t h e i r  m e asu re m e n t ,  p o s s i b l y  em p lo y in g  
c e l l  b o u n d a r i e s  a s  d i m e n s i o n  l i m i t s .
(73)  Egg L e n g t h . U s e f u l  o n l y  i n  t h e  b r o a d e s t  s e n s e  
u n t i l  s e n s i b l e  c o n v e n t i o n s  can  be e s t a b l i s h e d  c o n c e r n i n g  t h e  
d i m e n s i o n  b e i n g  m e as u re d  and  t h e  d e g r e e  o f  o n t o g e n e t i c
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d e v e lo p m en t  r e q u i r e d  f o r  v a l i d i t y .  A l l  egg  d i m e n s i o n s  r e c o r d e d  
i n  t h e  l i t e r a t u r e  s h o u l d  he r e g a r d e d  w i t h  s u s p i c i o n  u n l e s s  
t h e y  a r e  t h o r o u g h l y  docum en ted .
(74)  S p a r s u s  F e m a le . (75)  S p a r s u s  M a le . These 
c h a r a c t e r s  a r e  v e r y  e f f i c i e n t  s e p a r a t o r s  o f  S p a r s u s  fo rm s  
f rom a l l  o t h e r  s p e c i e s  s t u d i e d  and ev en  h e l p  t o  d i s t i n g u i s h  
some o t h e r  s p e c i e s  f rom  e ach  o t h e r .  The method  employed i n  
t h e  d e v e lo p m e n t  o f  t h i s  c h a r a c t e r  s h o u l d  he  expanded  t o  
i n c l u d e  c o r r e l a t e d  c h a r a c t e r  com plexes  i n  o t h e r  s p e c i e s .  The 
method a c c u m u l a t e s  i n t o  one v a l u e ,  a l l  o f  t h e  s l i g h t  d i f f e r ­
e n c e s  i n  any number  o f  c h a r a c t e r s  and more o r  l e s s  a m p l i f i e s  




B ecau se  no o t h e r  s o p h i s t i c a t e d  n u m e r i c a l  a n a l y s e s  
a p p e a r  i n  t h e  a c a n t h o c e p h a l a n  l i t e r a t u r e ,  c o m p a r i s o n s  o f  
t h i s  work w i t h  o t h e r s  m u s t  be  r e s t r i c t e d  t o  a  r a t h e r  l o o s e  
c o m p a r i so n  w i t h  t h r e e  r e c e n t  m onographs  e m p lo y in g  t h e  
c l a s s i c a l  a p p r o a c h  t o  taxonom y;  t h o s e  o f  P e t r o t s c h e n k o  ( 1 9 5 6 ) ,  
Yamaguti  ( 1 9 6 3 ) and G o lvan  ( 1 9 6 9 ) .
My r e c e n t l y  g a i n e d  and a d m i t t e d l y  l i m i t e d  f a m i l i a r i t y  
w i t h  t h e  m o r p h o l o g i c a l  v a r i a b i l i t y  e x h i b i t e d  by  N or th  
A m er ican  E c h i n o r h y n c h u s  l e a d s  me t o  b e l i e v e  t h a t  P e t r o t s c h e n k o ' s 
o b s e s s i o n  w i t h  cement g l a n d  a r r a n g e m e n t  a s  a  g e n e r i c  c h a r a c t e r  
i s  i n  e r r o r .  G r a n t e d ,  t h e r e  do a p p e a r  t o  be d e f i n i t e  s p e c i e s  
g r o u p s  i n  t h e  g e n u s  t e n d i n g  somewhat to w a r d  l o o s e l y  c h a r a c t e r ­
i z e d  cement g l a n d  p a t t e r n s ;  b u t  t h e  b o u n d a r i e s  o f  t h e s e  
p a t t e r n s  a s  P e t r o t s c h e n k o  e n v i s i o n e d  them f o r  M e te c h in o r h v n c h u s  
and P s e u d o e c h i n o r h v n c h u s  a r e  t o t a l l y  a r t i f i c i a l  and s h o u ld  
be d i s c a r d e d .
Yamaguti  ( 1 9 6 3 ) a t t e m p t e d  t o  r e t u r n  t h e  g e n u s  t o  i t s  
o r i g i n a l  p r e - P e t r o t s c h e n k o  s t a t u s ,  w h i l e  a t  t h e  same t im e  
c r i t i c i z i n g  G o lv an  f o r  h i s  i n c r e a s i n g  e m p h a s i s  on cement 
g l a n d s  a s  s o u r c e s  o f  f a m i l i a l  c h a r a c t e r s .
G o lvan  ( 1 9 6 9 ) ,  a p p a r e n t l y  i g n o r i n g  t h e  c r i t i c i s m s  
o f  Y am agu t i ,  expan d ed  h i s  e m p h a s i s  on cem ent  g l a n d  c h a r a c t e r s .  
H i s  l e g a l i s t i c  a p p l i c a t i o n  o f  P e t r o t s c h e n k o ' s  cement g l a n d  
d o c t r i n e  h a s  p r o b a b l y  c r e a t e d  much more havoc  t h a n  P e t r o -
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t s c h e n k o ' s  o r i g i n a l  work b e c a u s e  o f  t h e  more r e a d y  a v a i l ­
a b i l i t y  o f  F r e n c h  l i t e r a t u r e .  I t  i s  w o r th  n o t i n g  t h a t  t h e  
p o s s i b l e  c o n f u s i o n  w hich  m ig h t  r e s u l t  was even  a l l u d e d  t o  
by  Golvan  h i m s e l f  ( 1 9 6 9 , p 2 2 6 ) .
My i n v e s t i g a t i o n s  on N o r th  A m er ican  E c h in o r h y n c h u s  
h ave  s u g g e s t e d  t h e  p r e s e n c e " o f  t h r e e  s p e c i e s  g r o u p s ,  t h e  
cement g l a n d  a r r a n g e m e n t s  o f  which  may be b r o a d l y  c h a r a c t e r ­
i z e d  a s  f o l l o w s !
1 .  E. s a l m o n i s  M U l le r ,  1784 and E. l a g e n i f o r m i s  
Ekbaum, 1938 ,  w i t h  cement g l a n d s  i n  an  amorphous  clump 
su sp e n d e d  i n  a  s p a c i o u s  p s e u d o c o e l  by  g e n i t a l  l i g a m e n t  o n l y .
2.  E. g a d i  M u l l e r ,  1776, E. l e i d . v i  Van C l e a v e ,
1924,  " S tu b b y " ,  and an u n d e s c r i b e d  s p e c i e s  from w i n t e r  f l o u n d e r ,  
w i t h  cement g l a n d s  t e n d i n g  t o  be m o n i l i f o r m  and s u p p o r t e d  by 
a d h e s i o n s  t o  t h e  body  w a l l .
3 . E. l a t e r a l i s  L e i d y ,  1851,  " S p a r s u s "  and "H ippo" ,  
w i t h  cement g l a n d s  t e n d i n g  to w a rd  p a i r i n g  o r  o v e r l a p p i n g  and 
s u p p o r t e d  by  a d h e s i o n s  t o  t h e  body w a l l .
These  f i n d i n g s  s u g g e s t  t h a t  t h e r e  may be some s u b ­
s t a n c e  t o  P e t r o t s c h e n k o ' s cement g l a n d  h y p o t h e s i s .  However,  
my c a t e g o r i z a t i o n  o f  t h e  p a t t e r n s  d o e s  n o t  m atch  h i s  and I  
would  h a s t e n  t o  add t h a t  t h e y  a r e  n o t  t h e  s o r t  o f  c h a r a c t e r s  
t h a t  s h o u ld  be u s e d  i n  g e n e r i c  d i a g n o s e s ,  f o r  p r a g m a t i c  
r e a s o n s  i f  n o t  f o r  b i o l o g i c a l  o n e s .  I  f e e l  t h a t  a  t h o r o u g h  
s t u d y  o f  t h e  g e n u s  w o r l d - w i d e  w i l l  r e v e a l  t h a t  t h e r e  a r e  
i n d e e d  c o h e s i v e  s p e c i e s  g r o u p s  d e s e r v i n g  o f  g e n e r i c  s t a t u s  
b u t  t h a t  p re s o m a  c h a r a c t e r s ,  p a r t i c u l a r l y  p r o b o s c i s  a r m a t u r e ,  
w i l l  be t h e  c h i e f  means o f  d i f f e r e n t i a t i n g  them and t h a t
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cement  g l a n d  a r r a n g e m e n t  w i l l  p r o b a b l y  o n l y  p l a y  a  s u p p o r t i n g  
r o l e .  I n  v iew  o f  t h e s e  t h o u g h t s ,  I  recommend t h a t  t h e  names 
M e t e c h i n o r h y n c h u s  and P s e u d o e c h i n o r h y n c h u s  be s u p p r e s s e d  and 
t h a t  t h e  d i a g n o s i s  o f f e r e d  by  Yamaguti  (1963)  be r e i n s t a t e d .
With  r e g a r d  t o  G o l v a n ' s  ( 1 9 6 9) naming  o f  s e v e r a l  
s p e c i e s  o u t  o f  t h e  E. g a d i  complex ,  I  a p p la u d  h i s  theme b u t  
d e p l o r e  h i s  m e thod .  Based  on  t h e  s p e c i e s  d i v e r s i t y  I  have  
e l u c i d a t e d  i n  wha t  was p r e v i o u s l y  i d e n t i f i e d  a s  E. g a d i  i n  
New E n g l a n d ,  I  would p r e d i c t  t h a t  many more s p e c i e s  t h a n  
even  G o lvan  would  e x p e c t  w i l l  e v e n t u a l l y  be r e c o g n i z e d  i n  t h e  
complex  w o r l d  w id e .  However,  t h e  d e s c r i p t i o n s  o f  t h e s e  
s p e c i e s  s h o u l d  be b a s e d  on a  t h o r o u g h  f a m i l i a r i t y '  w i t h  o t h e r  
members o f  t h e  g e n u s  from t h e  same v i c i n i t y .  I n  a d d i t i o n ,  
w e l l  p r e p a r e d  s p e c im e n s  m u s t  be s t u d i e d  f i r s t  hand by  t h e  
a u t h o r  o f  any  new s p e c i e s .  A p p a re n t  d i f f e r e n c e s  b e tw ee n  
c h a r a c t e r  means s h o u l d  be examined  s t a t i s t i c a l l y  t o  d e t e r m i n e  
t h e i r  v a l i d i t y  and a l l  p u b l i s h e d  m e a s u r e m e n t s  o f  c o n t i n u o u s  
v a r i a t e s  s h o u l d  i n c l u d e  a t  l e a s t  t h e  f o l l o w i n g  s t a t i s t i c s  1 
Minimum, maximum, a r i t h m e t i c  mean, s t a n d a r d  e r r o r  o f  mean 
and sample  s i z e .  O t h e r w i s e ,  v a l i d  c o m p a r i s o n s  o f  s u b s e q u e n t  
c o l l e c t i o n s  w i t h  l i t e r a t u r e  d e s c r i p t i o n s  may be v e r y  m i s ­
l e a d i n g .
G o l v a n ' s  naming o f  s p e c i e s  b a s e d  on  s p e c im e n s  he 
h a s  n e v e r  s e e n  and w h ich  c a n n o t  be d i s t i n g u i s h e d  f rom  t h e  
p a r e n t  s p e c i e s  m o r p h o l o g i c a l l y  w i l l  o n l y  be a  b u r d e n  f o r  h i s  
s u c c e s s o r s  t o  b e a r .  H i s  naming o f  E. a r m o r i c a n u s  and E. 
c a l l o t i  f rom o r i g i n a l  s p e c im e n s  i n  h i s  c o l l e c t i o n  w i t h o u t
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even  s u g g e s t i n g  what t h e  hook s i z e s  a r e ,  s h o u l d  be s e v e r e l y  
c r i t i c i z e d .  I t  w i l l  t a k e  a  r e s p o n s i b l e  w o r k e r  y e a r s  t o  r e - d o  
p r o p e r l y  what G o lvan  h a s  a t t e m p t e d  t o  do w i t h  a  few v i s i t s  
t o  t h e  l i b r a r y  and a  s t r o k e  o f  t h e  p en .
I n  s p i t e  o f  t h e s e  c r i t i c i s m s  o f  G o lv a n * s  m e thod ,  I  
f e e l  t h a t  t h e  s p e c i e s  r e c o g n i z e d  i n  t h e  g e n u s  E c h in o r h y n c h u s  
( s e n s u  Y am agu t i ,  1 9 6 3 ) G o l v a n ' s  1969 monograph s h o u l d  be 
a c c e p t e d ,  b e c a u s e  s u b s e q u e n t  i n v e s t i g a t i o n s  w i l l  p r o b a b l y  
r e v e a l  v a l i d  d i s t i n c t i o n s  f o r  t h e s e  s p e c i e s .
I n  t h e  l i g h t  o f  t h e  above c r i t i c i s m s  o f  i m p r o p e r  
t a x o n o m ic  m e thod ,  I  m u s t  d e f e r  d e s c r i p t i o n s  o f  s p e c i e s  
u n c o v e r e d  i n  t h e  p r e s e n t  i n v e s t i g a t i o n  t o  s u b s e q u e n t  f o r m a l  





A s e n s i t i v e  c o m p u te r  method was d e v e l o p e d  f o r  s t u d y ­
i n g  r a t e s  o f  change  i n  hook c h a r a c t e r i s t i c s  a l o n g  t h e  a c a n t h o -  
c e p h a l a n  p r o b o s c i s .  A p p l i c a t i o n  o f  t h i s  method t o  N o r th  
American E c h i n o r h y n c h u s  s u g g e s t s  t h a t  t h e  E a s t e r n  r e p r e s e n t ­
a t i v e s  o f  t h e  g e n u s  can  be d i v i d e d  i n t o  two g r o u p s ,  b o th  o f  
w hich  a r e  fo u n d  i n  m a r i n e  and f r e s h w a t e r  f i s h e s .  T h r e e  new 
s p e c i e s  were  d i s c o v e r e d  i n  E a s t e r n  N or th  A merica  and were  
d i f f e r e n t i a t e d  from t h e  e x i s t i n g  s p e c i e s .
CONCLUSIONS
I am p r e p a r e d  t o  make t h e  f o l l o w i n g  r e c o m m en d a t io n s  
r e g a r d i n g  t h e  g e n u s  E c h in o r h y n c h u s  i n  N o r th  A m erica!
1.  The N o r th  A merican  f a u n a  c a n n o t  be c a t e g o r i z e d
a s  p r o p o s e d  by P e t r o t s c h e n k o  (1956)  and , t h e r e f o r e ,  t h e  names  
M e te c h in o r h y n c h u s  and P se u d o ec h in o rh .v n c h u s  s h o u l d  be s u p p r e s s e d  
i n  f a v o r  o f  t h e  o r i g i n a l  g e n e r i c  d i a g n o s i s ,  a s  p r e s e n t e d  by 
Yamaguti  ( 1 9 6 3 ) .
2.  A l l  o f  t h e  N o r th  American  E c h in o r h y n c h u s  s p e c i e s  
r e c o g n i z e d  by  Golvan  (1969)  s h o u ld  be  r e t a i n e d .
3. E c h in o r h y n c h u s  v a n c l e a v e i  G o lv a n ,  1969t  s h o u l d  
a p p l y  t o  t h o s e  worms f i t t i n g  t h e  d e s c r i p t i o n s  o f  E. g a d i  o f  
t h e  l i t e r a t u r e  and t a k e n  from A t l a n t i c  cod and p o l l o c k  a lo n g  
t h e  A t l a n t i c  s h o r e s  o f  N o r th  A m er ica .
4 .  A l a r g e r  worm, e x h i b i t i n g  t h e  Gadi t y p e  hook
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p a t t e r n  and t a k e n  from w i n t e r  f l o u n d e r  s h o u l d  be d e s i g n a t e d  
a s  a  new s p e c i e s ,  m o r p h o l o g i c a l l y  d i s t i n c t  a s  h e r e i n  d e s ­
c r i b e d  from E. v a n c l e a v e i .
5 .  A s m a l l e r  worm, e x h i b i t i n g  t h e  S p a r s u s  t y p e  hook 
p a t t e r n  and t a k e n  from w i n t e r  f l o u n d e r ,  and h e r e i n  r e f e r r e d  
t o  a s  " S p a r s u s "  s h o u l d  be d e s i g n a t e d  a s  a  new s p e c i e s .
6.  A n o th e r  S p a r s u s  p a t t e r n  worm, t a k e n  f rom American  
p l a i c e  and o t h e r  f i s h e s  n o r t h  o f  New E n g lan d  and h e r e i n  
r e f e r r e d  t o  a s  "H ip p o " ,  s h o u l d  be d e s i g n a t e d  a s  a  new s p e c i e s .
7.  E. l a u r e n t i a n u s  R o n a ld ,  1957> w hich  h a s  n o t  been  
o b s e r v e d  i n  any  o f  t h e  c o l l e c t i o n s  h e r e i n  s t u d i e d  s h o u l d  be 
c o n s i d e r e d  t o  be a  n o r t h e r n  s p e c i e s ,  p o s s i b l y  r e s t r i c t e d  t o  
t h e  G u l f  o f  S t .  Law rence .
8.  T h i s  s t u d y  s h o u l d  n o t  be c o n s i d e r e d  t o  be 
e x h a u s t i v e  o r  c o m p l e t e ,  f o r  I  have  s e e n  wha t  a p p e a r  t o  be 
s e v e r a l  o t h e r  m o r p h o l o g i c a l l y  d i s t i n c t  p o p u l a t i o n s  o f  m a r in e  
worms i n  t h e  s t u d y  c o l l e c t i o n  b u t  have  n o t  b e en  a b l e  t o  
a d e q u a t e l y  c h a r a c t e r i z e  them .
Much work r e m a i n s  y e t  t o  be done on New E n g lan d  
E c h i n o r h y n c h u s . One p ro b lem  t h a t  c r i e s  f o r  s o l u t i o n  i s  t h a t  
o f  d i s c o v e r i n g  t h e  n a t u r a l  i n t e r m e d i a t e  h o s t s  o f  t h e  l o c a l  
s p e c i e s  and from t h e r e  t h e  d e t e r m i n i n g  o f  t h e  when, w here  and  
how o f  t h e  l i f e  c y c l e s .  Tem pora l  o r  s t r o n g  e c o l o g i c a l  
d i f f e r e n c e s  i n  l i f e  c y c l e s  w ould  add s u b s t a n t i a l  s u p p o r t  t o  
t h e  d e g r e e  o f  s p e c i e s  d i v e r s i t y  i m p l i e d  i n  t h i s  r e p o r t .
Once l i f e  c y c l e s  h a v e  b e e n  e s t a b l i s h e d  i n  t h e  l a b o r ­
a t o r y ,  s t u d i e s  m us t  be  done t o  d e t e r m i n e  t h e  e f f e c t s  o f  age 
and h o s t  on m o r p h o l o g i c a l  d i m e n s i o n s  and  p r o p o r t i o n s .
6 l
The r e s u l t s  o f  such  a  s t u d y  c o u ld  h a v e  a  t r e m e n d o u s  im p a c t  
upon t h e  use  o f  t h e  c h a r a c t e r s  recommended i n  t h e  p r e v i o u s  
s e c t i o n .
F i n a l l y ,  n o t h i n g  would  s e r v e  t h e  c o r r e c t i o n  o f  t h e  
v a r i o u s  i m p r o p r i e t i e s  h e r e i n  a l l u d e d  t o  more e f f e c t i v e l y  
t h a n  c o m p re h e n s iv e  r e d e s c r i p t i o n s  o f  e x i s t i n g  t a x o n s ,  such  
a s  t h e  w e l l  done work by G ra b d a - K a z u b sk a  ( 1 9 6 9 ) .  I n  t h e s e  
r e d e s c r i p t i o n s ,  a s  w e l l  a s  i n  new d e s i g n a t i o n s ,  a d e q u a t e  
s am p le s  o f  w e l l  p r e p a r e d  s p e c im e n s ,  o b t a i n e d  from w e l l  
documented c o l l e c t i o n s ,  m us t  be u s e d .  C l e a r  i l l u s t r a t i o n s  
m us t  be  p r o v i d e d ,  e s p e c i a l l y  o f  t h e  p r o b o s c i s  a r m a t u r e ,  and 
s h o u ld  be complemented  by  t h o r o u g h l y  documented  m o rp h o m e t r i c  
s t a t i s t i c s .
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APPENDIX A 
DATA HANDLING PROGRAMS 
GENERAL
The enormous amounts  o f  d a t a  c o l l e c t e d  f o r  t h i s  
s t u d y  c o u l d  n o t  have  b e e n  t h o r o u g h l y  a n a l y z e d  w i t h o u t  t h e  
a s s i s t a n c e  o f  a  h i g h  sp eed  c o m p u te r .  However,  once  t h i s  
a s s i s t a n c e  had b e e n  p r o c u r e d ,  t h r e e  l o g i s t i c a l  p r o b le m s  
had  to  be  t a c k l e d  b e f o r e  an  a n a l y s i s  c o u l d  be i n i t i a t e d *
( l )  p r o g r a m s  c a p a b l e  o f  p e r f o r m i n g  t h e  d e s i r e d  a n a l y s i s  
had  t o  be  o b t a i n e d ;  (2) a  means had  t o  be e s t a b l i s h e d  
f o r  t h e  r e p e a t e d  p a r c e l l i n g  o f  t h e  t o t a l  d a t a  s e t  i n t o  
p a r c e l s  a p p r o p r i a t e  f o r  t h e  a n a l y s i s ;  (3) t h e  p a r c e l s  o f  
d a t a  i n  q u e s t i o n  had  t o  be o r g a n i z e d  i n t o  a  f o r m a t  a c c e p t ­
a b l e  a s  i n p u t  t o  t h e  a n a l y s i s  p ro g r a m s .
F o r t u n a t e l y ,  t h e  C o m p u ta t io n  C e n t e r  a t  U.N.H. h a s  
d i s t r i b u t e d  re m o te  t im e  s h a r i n g  t e r m i n a l s  a ro u n d  campus 
w hereby  a  rem ote  u s e r  can  g a i n  a l m o s t  i n s t a n t a n e o u s  a c c e s s  
t o  many o f  t h e  c a p a b i l i t i e s  o f  an  IBM 360 Model 50 .  A 
number  o f  d i f f e r e n t  t y p e s  o f  p ro g r a m s  can  be c a l l e d  up by 
t h e  u s e r ,  some o f  them, v e r y  s o p h i s t i c a t e d  a n a l y t i c a l  
p r o g r a m s ,  p r o v i d e d  by  IBM, and o t h e r s  s u p p l i e d  by  D a r tm o u th  
C o l l e g e  o r  l o c a l  u s e r s .  A d d i t i o n a l l y ,  a  u s e r  w i t h  p r o ­
gramming knowledge  can  w r i t e  p ro g r a m s  t o  s u i t  h i s  p a r t i c u l a r  
n e e d s  and  s t o r e  them f o r  i n s t a n t  r e c a l l  w h e n e v e r  t h e y  a r e  
n e e d e d .
Once t h e  a p p r o p r i a t e  p rogram  h a s  b e e n  made a v a i l a b l e ,
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one f a c e s  t h e  p ro b le m  o f  p a r c e l l i n g  o u t  from t h e  t o t a l  
d a t a  s e t  j u s t  t h a t  s u b s e t  o f  t h e  d a t a  w h ich  i s  t o  be 
a n a l y z e d  i n  one r u n  o f  t h e  p ro g ram .  T h i s  c an  be accomp­
l i s h e d  a t  t h e  t e r m i n a l  i n  t h r e e  waysi  (1) e n t e r  e ac h  
p a r c e l  o f  d a t a  t h r o u g h  t h e  k e y b o a r d  f o r  e ach  r u n ;  (2) 
e n t e r  t h e  d a t a  v i a  a  p a p e r  punch t a p e ;  (3) s p e c i f y  t o  an 
e x e c u t i n g  p rog ram  t h o s e  rows and co lum ns  o f  a  p r e v i o u s l y  
s t o r e d  d a t a  t a b l e  o r  " d a t a f i l e "  which  a r e  t o  be  r e a d  a s  
i n p u t .
The u se  o f  d a t a  f i l e s  i s  g ro w in g  i n  p o p u l a r i t y  o v e r  
o t h e r  m e th o d s  o f  d a t a  s t o r a g e  and  r e t r i e v a l ,  i n c l u d i n g  t h e  
u se  o f  key  punch  c a r d s .  I t  i s  by f a r  t h e  m os t  e x p e d i e n t  
and e r r o r  f r e e  m ethod .
A f t e r  a  s e t  o f  d a t a  h a s  b e en  " w r i t t e n "  o n to  a  d a t a  
f i l e ,  p a r c e l s  o f  t h e  d a t a  s e t  a r e  e a s i l y  s u b s e t t e d  o u t  f o r  
a n a l y s i s  by  t e r m i n a l  p r o g r a m s ,  o r  t h e  C o m p u ta t io n  C e n t e r  w i l l  
have  t h e  d a t a  punched  a u t o m a t i c a l l y  on  key  punch  c a r d s  f o r  
a n a l y s i s  by  b a t c h  p r o g r a m s ,  and t h e  d a t a  may be  r e a d  and 
punched  on  p a p e r  punch  t a p e  a t  t h e  t e r m i n a l  f o r  s u b s e q u e n t  
e r r o r  f r e e  r e e n t r y  s h o u l d  t h e  d a t a  f i l e  be i n a d v e r t e n t l y  
d e s t r o y e d .
TREATMENT OF MISSING DATA
The f i r s t  and m os t  d i f f i c u l t  p ro b le m  I  e n c o u n t e r e d  
i n  a t t e m p t s  t o  a n a l y z e  my d a t a  on t h e  t e r m i n a l  was t h e  
p r e s e n c e  o f  b l a n k s  o r  u n o b t a i n a b l e  d a t a  p o i n t s  i n  t h e  t a b l e s  
o f  d a t a  I  c o l l e c t e d .  I n  t h i s  s e c t i o n  I  s h a l l  d i s c u s s  t h e
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n a t u r e  o f  t h e  p rob lem  and how I  have  a t t e m p t e d  t o  s o l v e  i t .
I t  i s  common knowledge  among l i f e  s c i e n t i s t s ,  
e s p e c i a l l y  t h o s e  who m us t  sample  ran d o m ly  from a  more o r  
l e s s  i n f i n i t e  p o p u l a t i o n ,  t h a t  t h e  d a t a  t h a t  can  be  c o l l e c t ­
ed u n d e r  ev en  t h e  b e s t  o f  c i r c u m s t a n c e s  w i l l  f r e q u e n t l y  be 
i n c o m p l e t e  f o r  one  r e a s o n  o r  a n o t h e r .  I n  s u r v e y  r e s e a r c h ,  
some r e s p o n d e n t s  may h ave  f a i l e d  t o  a n sw e r  one o r  more 
q u e s t i o n s  on  a  q u e s t i o n a i r e » i n  e c o l o g i c a l  r e s e a r c h ,  d a t a  may 
be  u n o b t a i n a b l e  f o r  c e r t a i n  p e r i o d s j  i n  a  b i o l o g i c a l  e x p e r i ­
m e n t ,  a  s u b j e c t  may have  d i e d  b e f o r e  a l l  i t s  d a t a  was 
c o l l e c t e d j  and i n  s y s t e m a t i c s ,  i t  i s  a  r a r e  s p ec im en ,  
e s p e c i a l l y  o f  a  s m a l l  i n v e r t e b r a t e ,  f o r  w h ich  a l l  v a r i a b l e s  
may be r e l i a b l y  m e a s u re d .
I n  s p i t e  o f  t h e  common p l a c e  o c c u r r e n c e  o f  i n c o m p l e t e  
d a t a  t a b l e s ,  a l m o s t  a l l  t e r m i n a l  p ro g r a m s  and many o f  t h e  
b a t c h  p ro g r a m s  i n  t h e  U.N.H. sys tem  w hich  would  o t h e r w i s e  
be  p o w e r f u l  t o o l s  o f  a n a l y s i s ,  c a n n o t  be  u s ed  b e c a u s e  t h e y  
r e q u i r e  c o m p le t e  d a t a .
To overcome t h i s  s e r i o u s  l i m i t a t i o n ,  I  h ave  u n d e r ­
t a k e n  t h e  w r i t i n g  o f  a  s e r i e s  o f  t e r m i n a l  p ro g r a m s  which 
e i t h e r  c o n d u c t  a n a l y s e s  t h e m s e l v e s  on i n c o m p l e t e  d a t a  f i l e s  
o r  w h ich  m o d i f y  i n c o m p l e t e  d a t a  s o . t h a t  i t  can  be u s ed  a s  
v a l i d  i n p u t  t o  many o t h e r  t e r m i n a l  p r o g r a m s  r e q u i r i n g  
c o m p le t e  d a t a .
The c e n t r a l  i s s u e  i n  any  c o n s i d e r a t i o n  o f  how t o  
t r e a t  i n c o m p l e t e  d a t a  t a b l e s  i s  how m i s s i n g  d a t a  e l e m e n t s  
s h o u l d  be c o d ed .  The code c h o s e n  m us t  r e p r e s e n t  t h e  b e s t
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p o s s i b l e  c o m b i n a t i o n  o f  t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  i n  
o r d e r  t o  be u n i v e r s a l l y  u s e f u l .  I t  m us t  be* (1) e a s i l y  
remembered ,  ( 2 ) e a s i l y  e n t e r e d  from t h e  k e y  b o a r d ,  ( 3 ) 
r e l a t i v e l y  f r e e  from e r r o r  p r o n e n e s s ,  (U) a  n u m e ra l  b e c a u s e  
l i t e r a l  c h a r a c t e r s  a r e  i n v a l i d  e n t r i e s  i n  a  n u m e r i c a l  d a t a  
m a t r i x ,  and ( 5 ) se ldom o r  n e v e r  e n c o u n t e r e d  i n  t h e  a c t u a l  
c o l l e c t i o n  o f  d a t a .
My f i r s t  two a t t e m p t s  a t  c o d i n g  f o r  m i s s i n g  v a l u e s ,  
t h e  u s e  o f  0 and  t h e n  - 1 , f a i l e d  b e c a u s e  o f  t h e  f i n i t e  
t h o u g h  low p r o b a b i l i t y  t h a t  e i t h e r  code  c o u l d  a p p e a r  a s  
r e a l  d a t a  i n  some l i f e  s c i e n c e  d a t a  c o l l e c t i o n .  I  now 
b e l i e v e  t h e  b e s t  a p p r o a c h  to  c o d i n g  i s  t h e  u s e  o f  an  i n c r e d i b l y  
l a r g e  number  s a t i s f y i n g  t h e  above  r e q u i r e m e n t s .
I n  IBM C a l l - O S / 3 6 0 , numbers  g r e a t e r  t h a n  1 x 10^ a r e  
h a n d l e d  i n  e x p o n e n t i a l  o r  "E" fo rm .  F o r  i n s t a n c e ,  t h e
Q
q u a n t i t y  7 .1  x ICr would  be e n t e r e d  a s  71E8. The m ach ine  
r e a d s  t h e  l a t t e r  a s  " t h e  q u a n t i t y  71 m u l t i p l i e d  by  t h e  
q u a n t i t y  10  r a i s e d  t o  t h e  8 t h  pow er ,  o r  71 f o l l o w e d  by  8 
z e r o e s .
A f t e r  s e v e r a l  t r i a l s  w i t h  l a r g e  num bers  I  d e c i d e d  
t o  s e t t l e  on 3E33» o r  3 f o l l o w e d  by  33  z e r o e s .  The p r o ­
n u n c i a t i o n  and a p p e a r a n c e  i n  t y p e  o f  t h i s  q u a n t i t y  i s  
e a s i l y  remembered ;  t h e  n u m e ra l  3 t i s  a l m o s t  d i r e c t l y  above 
t h e  l e t t e r  E on t h e  t e r m i n a l  key  b o a r d  and t h e  s eq u e n c e  
3E33 i s  more r e a d i l y  e n t e r e d  t h a n  many two d i g i t  nu m b ers ;  
t h e  o n l y  e r r o r  I  h ave  made i n  e n t e r i n g  t h i s  code i s  t o  
e n t e r  t h e  s e q u e n c e  4 r 4 4 ,  t h e  c h a r a c t e r s  b e i n g  r i g h t  n e x t
t o  t h o s e  o f  3^33  which  r e s u l t s  i n  an  e r r o r  m essage  
b e i n g  p r i n t e d  a t  t h e  t e r m i n a l -  t h e  s e q u e n c e  33E3 i s  a  
p o s s i b l e  e r r o r  s o u r c e  b u t  i s  i m p r o b a b l e  once  t h e  u s e r  
l e a r n s  t h e  p r o p e r  s e q u e n c e ;  i t  i s  a  number c o n fo rm in g  
t o  r e q u i r e m e n t s  f o r  a  n u m e r i c a l  m a t r i x ;  and t h e  q u a n t i t y  
3 f o l l o w e d  by 33  z e r o e s  i s  an i n c r e d i b l y  l a r g e  number ,  
n o t  l i k e l y  t o  be e n c o u n t e r e d  i n  any l i f e  s c i e n c e s  d a t a  
c o l l e c t i o n  I  can  im a g in e .
DATA STRUCTURE OF **BI0DATA 
DATA FILES
The p ro g r am s  I  have  w r i t t e n  t o  s o l v e  t h e  above 
d i s c l o s e d  p ro b le m s  w i l l  h e n c e f o r t h  be r e f e r r e d  t o  a s  t h e  
**BIODATA s e r i e s  and t h e  w ords  " d a t a  f i l e "  w i l l  r e f e r  t o  
f i l e s  o f  a  f o r m a t  c o m p a t i b l e  w i t h  t h e s e  p r o g r a m s ,  u n l e s s  
o t h e r w i s e  s p e c i f i e d .  I n  t h i s  and s u b s e q u e n t  d i s c u s s i o n s ,  
t e r m i n o l o g y  r e l a t i n g  t o  d a t a  o r g a n i z a t i o n  w i l l  be  s t a n d a r d  
i z e d  a s  f o l l o w s ;  A "row" i s  a  l o g i c a l  d a t a  r e c o r d  o r  d a t a  
" c a s e "  f o r  which  one o r  u s u a l l y  more v a r i a b l e s  h a s  been  
r e c o r d e d  (row and c a s e  may be u sed  i n t e r c h a n g e a b l y ) ;  a  
"column" c o r r e s p o n d s  t o  a  " v a r i a b l e "  and  i s  one o f  t h e  
a t t r i b u t e s  o r  c h a r a c t e r i s t i c s  by which  c a s e s  a r e  d e s c r i b e d  
a  " m a t r i x "  r e f e r s  t o  a  s q u a r e  o r  r e c t a n g u l a r  ( r o w s - b y -  
co lum ns)  d a t a  t a b l e  i n  which  d a t a  h a s  b e e n  t a b u l a t e d  f o r  
one o r  more v a r i a b l e s  which  have  b e en  m e a s u r e d  on one  o r  
more c a s e s ;  a  " s c o r e "  i s  t h e  e s t i m a t e d  v a l u e  r e c o r d e d  f o r  
a  v a r i a b l e  d u r i n g  an o b s e r v a t i o n  on one c a s e .
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A l l  o f  t h e  i n f o r m a t i o n  i n  a  d a t a  f i l e  i s  i n  a  l i n e a r  
s e r i e s ,  one d a t a  e l e m e n t  a f t e r  t h e  o t h e r .  I n  t h e  c o n s t r u c t i o n  
o f  a  d a t a  f i l e ,  a  d a t a  t a b l e  i s  d i s s e c t e d ,  row by row ( c a s e s )  
a s  th o u g h  t h e  a c t u a l  p a p e r  on w hich  t h e  t a b l e  i s  r e c o r d e d  
had been  c u t  i n t o  s t r i p s  o f  e q u a l  l e n g t h ,  e a c h  s t r i p  r e p r e ­
s e n t i n g  one c o m p le te  row. The s t r i p s  a r e  t h e n  l a i d  end to  
end i n  t h e  p r o p e r  o r d e r  t o  form a  l i n e a r  s e r i e s  o f  d a t a .
But t h e r e  i s  more t o  a  'M'*BIODATA d a t a  f i l e  t h a n  j u s t  t h e  
raw d a t a  i t s e l f — t h e  f i l e  i s  a c t u a l l y  d i v i d e d  i n t o  f o u r  
s e c t i o n s ,  a l s o  i n  l i n e a r  s e q u e n c e .
The f i r s t  s e c t i o n  c o n t a i n s  o n l y  two n um bers ;  t h e  
f i r s t  r e p r e s e n t s  t h e  number o f  rows ( c a s e s )  i n  t h e  d a t a  
m a t r i x  and t h e  second  r e p r e s e n t s  t h e  number o f  co lumns 
( v a r i a b l e s )  i n  t h e  d a t a  m a t r i x .  When an e x e c u t i n g  p rogram  
r e a d s  t h e s e  two num bers ,  i t  t h e n  "knows" how many o f  t h e  
f o l l o w i n g  num bers  b e l o n g  i n  t h e  f i r s t  row and how many rows 
t o  r e a d .  The second  s e c t i o n  o b v i o u s l y  c o n t a i n s  t h e  d a t a  
m a t r i x ,  row by row. These  f i r s t  two s e c t i o n s  c o r r e s p o n d  
t o  t h e  t y p i c a l  row -by  row f o r m a t  r e q u i r e d  by m os t  U.N.H. 
p ro g ram s  t h a t  r e a d  d a t a  f i l e s .
The t h i r d  and f o u r t h  s e c t i o n s  a r e  p e r h a p s  u n u s u a l  
and w i l l  be c o l l e c t i v e l y  r e f e r r e d  t o  h e r e  a s  t h e  " d i r e c t o r y "  
o f  t h e  f i l e .  The d i r e c t o r y  c o n t a i n s  a  u n iq u e  i d e n t i f i c a t i o n  
" l a b e l "  f o r  e a c h  v a r i a b l e  ( t h i r d  s e c t i o n )  and each  c a s e  
( f o u r t h  s e c t i o n ) .  These  l a b e l s  a r e  s p e c i f i e d  by  t h e  u s e r  
a t  t h e  t im e  t h e  f i l e  i s  b e i n g  c r e a t e d  and e a c h  may c o n t a i n  
any  c o m b i n a t i o n  o f  n u m e r a l s ,  l e t t e r ,  p u n c t u a t i o n  m arks  o r
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b l a n k s  up t o  18 c h a r a c t e r s  i n  l e n g t h .  They  a r e  a v a i l a b l e  
t o  l a b e l  p r i n t e d  o u t p u t  f o r  e a s y  i n t e r p r e t a t i o n  a s  w e l l  
a s  f o r  making  c e r t a i n  t h a t  o n l y  t h e  d e s i r e d  v a r i a b l e s  a n d / o r  
c a s e s  a r e  r e a d  a s  i n p u t  by an e x e c u t i n g  p ro g r am .  T h i s  way, 
t h e  v a r i a b l e s  and c a s e s  i n  a  s e r i e s  o f  d a t a  f i l e s  n e e d  n o t  
be i n  any p a r t i c u l a r  o r d e r  b e c a u s e  t h e  s c o r e s  may be 
" a d d r e s s e d "  by  u n iq u e  v a r i a b l e  and c a s e  l a b e l s  r a t h e r  t h a n  
by p o s i t i o n  numbers  a s  w i t h  o t h e r  d a t a  f i l e s .
A l l  o f  t h e  p ro g r am s  o f  t h e  **BI0DATA s e r i e s  have  
b e e n  p o o l e d - i n t o  t h e  * * l i b r a r y  so t h a t  t h e y  may be u s e d  by 
any  U.N.H. t e r m i n a l  u s e r .  I n f o r m a t i o n  r e g a r d i n g  t h e  s e r i e s  
can be  o b t a i n e d  by  r u n n i n g  t h e  d e s c r i p t i v e  p rogram ^BIODATA.
PROGRAM DESCRIPTIONS
^ B i o f i l e .  T h i s  p rogram  was w r i t t e n  i n  an a t t e m p t  
t o  p r o v i d e  a  c o n v e n i e n t  means  o f  b u i l d i n g  a  BIODATA d a t a  
f i l e  from a  raw d a t a  t a b l e .
The u s e r  i s  f i r s t  a sked  i f  he n e e d s  d i r e c t i o n s .
A " y e s "  a n sw e r  t o  t h i s  q u e s t i o n  w i l l  c a u s e  an i n t r o d u c t o r y  
p a r a g r a p h  t o  be p r i n t e d  a t  t h e  t e r m i n a l  and a l l  q u e s t i o n s  
and s t a t e m e n t s  f o l l o w i n g  t h e  i n t r o d u c t i o n  w i l l  be i n  a  l o n g ,  
s e l f  e x p l a n a t o r y  fo rm .  A "no" a n sw e r  c a u s e s  t h e  i n t r o d u c t i o n  
t o  be  s k ip p e d  and a l l  s u b s e q u e n t  q u e s t i o n s  a r e  p r i n t e d  i n  
an a b r e v i a t e d  form t o  e x p e d i t e  e x e c u t i o n  by  t h e  e x p e r i e n c e d  
u s e r .
Then a  s e r i e s  o f  f u r t h e r  q u e s t i o n s  a r e  p r i n t e d  a t  
t h e  t e r m i n a l ,  a s k i n g  t h e  u s e r  f o r i  ( l )  t h e  name o f  t h e  f i l e
71
a l l o c a t e d  f o r  t h i s  d a t a ,  (2) how many rows and (3)  how many 
columns t h e r e  a r e  i n  t h e  d a t a  t a b l e  and (4)  an i d e n t i f i c a t i o n  
l a b e l  f o r  e ac h  o f  t h e  v a r i a b l e s  and (5) c a s e s .
The c o m p u te r  t h e n  p r i n t s  t h e  l a b e l  f o r  t h e  f i r s t  c a s e  
and t h e  u s e r  e n t e r s  t h e  d a t a  f o r  t h a t  c a s e .  The d a t a  f o r  
e ach  c a s e  a r e  e n t e r e d  i n  t h e  same o r d e r  i n  w hich  v a r i a b l e  
l a b e l s  were  s u p p l i e d  a b o v e .  I n  o t h e r  w o rd s ,  t h e  u s e r  i s  
d i s s e c t i n g  t h e  d a t a  t a b l e ,  row by row, a s  m e n t i o n e d  e a r l i e r .  
B la n k s  a r e  e n t e r e d  a s  3^33 when t h e y  a r e  e n c o u n t e r e d .
A f t e r  t h e  l a s t  s c o r e  h a s  b e en  e n t e r e d ,  t h e  d a t a  and 
t h e  d i r e c t o r y  a r e  a u t o m a t i c a l l y  s t o r e d  u n d e r  t h e  name s p e c i f i e d  
e a r l i e r  i n  t h e  ru n .
• f t^B ioed i t . T h i s  p rog ram  was w r i t t e n  i n  an e f f o r t  
t o  p r o v i d e  a  c o m p r e h e n s iv e  means o f  p r i n t i n g  and e d i t i n g  
d a t a  once i t  h a s  b e e n  e n t e r e d  i n t o  a  d a t a  f i l e .  The u s e r  
may employ any  o f  f i f t e e n  o p t i o n s  o r  s u b r o u t i n e s  i n  t h e  
p ro g r am ,  d e p e n d i n g  upon t h e  t y p e  o f  o p e r a t i o n  he w i s h e s  t o  
p e r f o r m  on t h e  f i l e  i n  q u e s t i o n .
The u s e r  i s  f i r s t  a sk ed  i f  he n e e d s  i n s t r u c t i o n s .
I f  s o ,  a  s h o r t  i n t r o d u c t i o n  i s  p r i n t e d ,  f o l l o w e d  by  a  
numbered l i s t i n g  o f  a l l  p rog ram  o p t i o n s  w i t h  a  s h o r t  e x ­
p l a n a t i o n  o f  e a c h .  He i s  t h e n  a sk e d  which  d a t a  f i l e  he 
w i s h e s  t o  c a l l  up a s  i n p u t  and w hich  o p e r a t i o n  he  w i s h e s  
t o  p e r f o r m  on t h e  d a t a  r e a d  from i t .
O p t i o n  (1) i s  c o n c e r n e d  w i t h  p r i n t i n g  t h e  d a t a  from 
any ro w s - b y - c o lu m n s  d a t a  f i l e .  I f  t h e  f i l e  d o e s  n o t  c o n t a i n  
a  d i r e c t o r y ,  t h e  s c o r e s  a r e  p r i n t e d  a c r o s s  t h e  p a g e ,  one
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row ( c a s e )  a t  a  t i m e .  I f  t h e  f i l e  c o n t a i n s  a  BIODATA 
d i r e c t o r y  o f  l a b e l s ,  t h e  d a t a  i s  r e p r o d u c e d  i n  t h e  o r i g i n a l  
t a b l e  form w i t h  t h e  v a r i a b l e  and c a s e  l a b e l s  l i s t e d .  The 
l a t t e r  i s  i n  a  page  f o r m a t  and i s  v e r y  u s e f u l  f o r  s t o r a g e  
o f  d a t a  i n  p r i n t  o r  c h e c k i n g  a  r e c e n t l y  c o n s t r u c t e d  f i l e  
f o r  e r r o r s .
The s econd  o p t i o n  o f  ^BIOEDIT p r o v i d e s  f o r  t h e  
a s s i g n m e n t  o f  u n iq u e  I . D .  l a b e l s  t o  e a c h  v a r i a b l e  and  c a s e  
i n  a  d a t a  f i l e  n o t  c o n t a i n i n g  a  BIODATA d i r e c t o r y .  T h i s  
w i l l  make any  ro w s - b y - c o lu m n s  d a t a  f i l e  e s t a b l i s h e d  by 
o t h e r  p r o g r a m s  become c o m p a t i b l e  w i t h  t h e  f o r m a t  r e q u i r e m e n t s  
o f  t h e  BIODATA s e r i e s .
O p t i o n s  ( 3 ) t h r o u g h  (6 )  a r e  c o n c e r n e d  w i t h  t h e  
p r i n t i n g  o f  d a t a  from BIODATA d a t a  f i l e s .  O p t i o n s  (3)  
and  (5) w i l l  p r i n t  t h e  d a t a  f o r  a s p e c i f i e d  c a s e  o r  s p e c i f i e d  
v a r i a b l e ,  r e s p e c t i v e l y .  O p t i o n  (U) p r i n t s  t h e  whole  f i l e ,  
c a s e  by  c a s e .  F o r  e a c h  c a s e  t h e  i n d e x  num ber  ( s t o r a g e  
a c c e s s i o n  s e q u e n c e )  i s  p r i n t e d  n e x t  t o  t h e  c a s e  l a b e l .
Below t h e  c a s e  l a b e l ,  t h e  l a b e l s  a r e  p r i n t e d  f o r  e a c h  o f  
t h e  v a r i a b l e s  m e asu re d  on t h e  c a s e ,  f o l l o w e d  by t h e  s c o r e  
a t  t h a t  v a r i a b l e .  V a r i a b l e s  c o n t a i n i n g  b l a n k s  f o r  t h i s  
c a s e  a r e  n o t  p r i n t e d .
O p t i o n  (6) p r i n t s  t h e  whole  f i l e ,  v a r i a b l e  by  
v a r i a b l e .  The p r i n t o u t  i s  p r e f a c e d  w i t h  a  compact  d i r e c t o r y  
t o  t h e  i n d e x  num bers  o f  a l l  c a s e  l a b e l s .  S u b s e q u e n t  p a g e s  
l i s t  a l l  o f  t h e  n o n - b l a n k  s c o r e s  f o r  e ac h  v a r i a b l e ,  e a c h  
s c o r e  f o l l o w i n g  i t s  r e s p e c t i v e  c a s e  i n d e x  number .  T h i s
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a l l o w s  f o r  t h e  v i s u a l  s c a n n i n g  o f  s c o r e s  by  v a r i a b l e  and 
e a s y  a c c e s s  t o  t h e  i d e n t i f i c a t i o n  l a b e l  o f  t h e  c a s e  f o r  
w h ich  e ac h  s c o r e  was r e c o r d e d .
I n  o p t i o n s  (4) and (6) a b o v e ,  h e a d i n g s  a r e  p r i n t e d  
on p a g e  1 i n d i c a t i n g  t h e  name o f  t h e  f i l e  and t h e  number 
o f  rows  and columns  i n  t h e  o r i g i n a l  d a t a  t a b l e .  I n  l a r g e  
f i l e s ,  t h e  p r i n t o u t s  come i n  p a g e - s i z e  b l o c k s  w i t h  a  d a sh  
e v e r y  11 i n c h e s  so t h a t  t h e y  may be c u t  by  a  p a p e r  c u t t e r  
and s t a p l e d  i n t o  a  b o o k l e t .  A dequa te  m a r g i n s  a r e  p r o v i d e d  
on e a c h  s i d e ,  c o n t i n u a t i o n s  a r e  i n d i c a t e d  where  a p p r o p r i a t e  
and s e q u e n t i a l  p a g i n a t i o n  b e g i n s  w i t h  page  two.  I  have  
fo u n d  t h i s  t o  be an e x t r e m e l y  u s e f u l  means o f  s t o r i n g  
l a r g e  vo lum es  o f  p r i n t e d  d a t a  i n  compact  e a s i l y  r e a d  fo rm.  
T h i s  a l o n e  i s  s u f f i c e n t  j u s t i f i c a t i o n  f o r  a t  l e a s t  t e m p o r a r y  
u se  o f  BIODATA d a t a  f i l e s  f o r  d a t a  s t o r a g e  and r e t r i e v a l .
O p t i o n s  (7) and (8 )  a l l o w  f o r  t h e  a d d i t i o n  o f  d a t a  
f o r  new c a s e s  a n d / o r  v a r i a b l e s  s h o u l d  t h e y  become a v a i l a b l e  
s u b s e q u e n t  t o  t h e  b u i l d i n g  o f  a  d a t a  f i l e .
O p t i o n  (9 )  a l l o w s  t h e  u s e r  t o  change  t h e  v a l u e  o f  
one o r  more s c o r e s  i n  t h e  d a t a  f i l e .  I  have  found  t h i s  
o p t i o n  t o  be  u s e f u l  i n  t h r e e  w aysi  ( a )  a f t e r  c r e a t i n g  a  
d a t a  f i l e  w i t h  **BI0FILE,  I  u s u a l l y  h ave  t h e  d a t a  p r i n t e d  
by o p t i o n  ( l )  o f  **BIOEDIT and u se  t h e  p r i n t o u t  t o  d o u b le  
c heck  t h a t  no e r r o r s  were  made i n  t h e  e n t r y  o f  t h e  d a t a .
I f  such am error i s  d e tec ted , one or more o f  them are 
e a s i ly  corrected  by option  (9) in  which e ith e r  the index  
numbers or the I.D,  la b e ls  fo r  the erroneous scores are
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e n t e r e d ,  f o l l o w e d  by  t h e  c o r r e c t e d  v a l u e ;  (b) s c o r e s  
w hich  were  o r i g i n a l l y  u n o b t a i n a b l e  may s u b s e q u e n t l y  become 
a v a i l a b l e  and t h i s  o p t i o n  can  u p d a t e  t h e  v a l u e  o f  t h a t  
d a t a  p o i n t  from t h e  b l a n k  code 3E33 ‘to any s c o r e  v a l u e ;
(c )  a f t e r  a  d i s p e r s i o n  a n a l y s i s ,  such  a s  w i t h  **FREQPLOT, 
" o u t l i e r s "  o r  v a l u e s  e x h i b i t i n g  q u e s t i o n a b l e  d e v i a t i o n  from 
t h e  mean may be d e t e c t e d .  I f  one  o r  two c a s e s  have  s c o r e  
v a l u e s  a t  a  p a r t i c u l a r  v a r i a b l e  which  a r e  f a r  removed from 
t h e  r e s t  o f  t h e  p o p u l a t i o n ,  t h e y  may s e r i o u s l y  d i s t o r t  any  
i n f e r e n t i a l  a n a l y s e s  p e r f o r m e d  on t h i s  v a r i a b l e  and so 
may be changed t o  t h e  b l a n k  code 3E33 a t  t h e  u s e r s  d i s c r e t i o n .
O p t i o n  (10)  p r o v i d e s  a  means  o f  m u l t i p l y i n g  a 
s p e c i f i e d  v a r i a b l e  i n  a  f i l e  by  any s p e c i f i e d  c o n s t a n t .
I  h ave  fo und  t h i s  t o  be u s e f u l  w i t h  d a t a  o b t a i n e d  from 
m e a s u r i n g  m i c r o s c o p i c  o b j e c t s  w i t h  an o c u l a r  m i c r o m e t e r .
I  a lw a y s  m easu re  a  p a r t i c u l a r  c h a r a c t e r  u s i n g  t h e  same 
m a g n i f i c a t i o n  t h r o u g h o u t ,  e n t e r  t h e  raw d a t a  i n t o  a  BIODATA 
d a t a  f i l e ,  and s u b s e q u e n t l y  s p e c i f y  t h e  a p p r o p r i a t e  c o n s t a n t  
by which  a l l  s c o r e s  ( e x c e p t  b l a n k  c o d e s )  i n  a  s p e c i f i e d  
v a r i a b l e  a r e  t o  be m u l t i p l i e d .  The t r a n s f o r m e d  s c o r e s  
a r e  a u t o m a t i c a l l y  r e t u r n e d  t o  t h e  f i l e  t o  r e p l a c e  t h e  raw 
d a t a .
O p t i o n s  (11)  t h r o u g h  (13)  a r e  p r o b a b l y  among t h e  
m o s t  u s e f u l  o f  t h e  BIODATA s e r i e s .  The u s e r  can e d i t  o r  
" f i l t e r "  c a s e s  from h i s  f i l e  a c c o r d i n g  t o  t h e  v a l u e s  a t  
any  s p e c i f i e d  v a r i a b l e .  He may a s k  f o r  a l l  t h e  c a s e s  
f o r  which  s c o r e s  a t  a  s p e c i f i e d  v a r i a b l e  a r e  (11) l e s s
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t h a n ,  (12)  e q u a l  t o  o r  (13)  g r e a t e r  t h a n  a  s p e c i f i e d  v a l u e  
o r  (14)  b e tw ee n  two s p e c i f i e d  v a l u e s .  At t h e  u s e r s  d i s ­
c r e t i o n ,  t h e  c a s e  l a b e l s  w i l l  be p r i n t e d  a t  t h e  t e r m i n a l  
o r  an o u t p u t  d a t a  f i l e  may be s p e c i f i e d  i n  w hich  a l l  o f  
t h e  s c o r e s  f o r  t h e  s e l e c t e d  c a s e s  w i l l  be  s t o r e d  i n  t h e  
BIODATA f o r m a t .  The r e s u l t a n t  f i l e  would  t h e n  be a v a i l a b l e  
f o r  a n a l y s i s  o r  f u r t h e r  BIODATA m o d i f i c a t i o n .
T h i s  f i l t e r i n g  o p t i o n  i s  p a r t i c u l a r l y  u s e f u l  when 
t h e  t a b l e  c o n t a i n s  "dummy" v a r i a b l e s  i n  w hich  a  coded v a l u e  
i s  a s s i g n e d  t o  eac h  c a s e  i n d i c a t i n g  t h a t  c a s e ' s  membership  
i n  o r  e x c l u s i o n  from c e r t a i n  c l a s s e s  s e t  up by t h e  u s e r .
F o r  i n s t a n c e ,  s p e c im e n s  c o u l d  be c l a s s i f i e d  a s  male  o r  
f e m a le  by  s e t t i n g  up a  dummy v a r i a b l e  c a l l e d  " s e x " ,  i n  which  
e ach  spec im en  i s  a s s i g n e d  a  +1 o r  -1  d e p e n d i n g  on i t s  s e x .
A l l  f e m a l e s  i n  such  a  t a b l e  c o u ld  be s u b s e t t e d  f o r  
a n a l y s i s  by  c a l l i n g  up o p t i o n  ( 1 3 ) and s p e c i f y i n g  t h e  
v a r i a b l e  sex  and t h e  v a l u e  - 1 .  These  f e m a l e s  c o u ld  be 
f u r t h e r  s u b s e t t e d  by  u se  o f  a n o t h e r  dummy v a r i a b l e ,  f o r  
i n s t a n c e ,  l o c a t i o n .
O p t i o n  (15)  s i m p l y  a l l o w s  f o r  s w i t c h i n g  t o  a 
d i f f e r e n t  i n p u t  f i l e  w i t h o u t  b r e a k i n g  o u t  o f  t h e  p rog ram .
* * S u b f i l e .  T h i s  p rog ram  was w r i t t e n  t o  a l l o w  
f o r  t h e  s u b s e t t i n g  o f  s p e c i f i e d  d a t a  from main  s t o r a g e  
f i l e s  i n t o  s m a l l e r  f i l e s  f o r  s p e c i f i c  a p p l i c a t i o n s .  T h i s  
a l l o w s  t h e  u s e r  t o  " p a r c e l  o u t "  s u b s e t s  o f  d a t a  from h i s  
t o t a l  d a t a  s e t  f o r  i n d i v i d u a l  a n a l y s e s .  The m ain  f i l e  
would  r e m a in  unch an g ed  and may be so r e a d  any  number o f
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t i m e s .  The p rogram  p r o v i d e s  f o u r  o p t i o n s .
The f i r s t  o p t i o n  a l l o w s  t h e  u s e r  t o  s p e c i f y  
p a r t i c u l a r  c a s e s  a n d / o r  p a r t i c u l a r  v a r i a b l e s  t o  be r e a d  
from t h e  t o t a l  d a t a  s e t  and p l a c e d  i n  an o u t p u t  f i l e .
A row -b y - ro w  m a t r i x  i s  s e t  up c o n t a i n i n g  o n l y  t h e  s p e c i f i e d  
d a t a ,  and  t h e  d a t a  i s  t h e n  p u t  i n t o  a  s p e c i f i e d  o u t p u t  f i l e  
i n  t h e  f o r m a t  o f  a l l  BIODATA d a t a  f i l e s .  I f  t h e  d a t a  
s p e c i f i e d  from t h e  t o t a l  d a t a  s e t  c o n t a i n e d  b l a n k s ,  t h e  
s u b s e t  f i l e  w i l l  a l s o  c o n t a i n  b l a n k s .  The s u b s e t  f i l e  i s  
a v a i l a b l e  f o r  a n a l y s i s  o r  f u r t h e r  BIODATA m o d i f i c a t i o n .
O p t i o n s  ( 2 ) ,  ( 3 ) and (4) a r e  c o n c e r n e d  w i t h  t h e  
m o d i f i c a t i o n  o f  d a t a  from i n c o m p l e t e  d a t a  m a t r i c e s  such 
t h a t  t h e  m o d i f i e d  d a t a  may be u s ed  f o r  i n p u t  i n t o  p r o g r a m s  
w h ich  o t h e r w i s e  r e q u i r e  c o m p le te  d a t a  (no b l a n k  s p a c e s ) .
O p t i o n  (2) w i l l  p r o d u c e  an  o u t p u t  f i l e  from an 
i n c o m p l e t e  d a t a  m a t r i x  w hich  can  s u b s e q u e n t l y  be r e a d  by 
any  u n i v a r i a t e  a n a l y s i s  s e c t i o n  o f  t h e  p o p u l a r  ***STATPACK 
s e r i e s  from IBM such  a s  ' B a s i c  S t a t i s t i c s '  o r  ' H i s t o g r a m ' .
The v a r i a b l e s  i n  an i n c o m p l e t e  f i l e  a r e  r e a d  one 
by one when o p t i o n  two o f  ^SUBFILE i s  r e q u e s t e d .  As e ac h  
v a r i a b l e  i s  r e a d ,  t h e  b l a n k s  a r e  d i s c a r d e d  and t h e  r e m a i n i n g  
d a t a  i n  t h a t  v a r i a b l e  a r e  p l a c e d  i n  an o u t p u t  f i l e  c o n t a i n i n g  
one column ( t h e  v a r i a b l e  i n  q u e s t i o n )  and  a l l  c a s e s  which 
were  n o t  b l a n k  a t  t h a t  v a r i a b l e .  When t h e  n e x t  v a r i a b l e  i s  
r e a d ,  a l l  b l a n k s  a r e  d i s c a r d e d  and t h e  r e m a i n i n g  d a t a  
p l a c e d  i n  an o u t p u t  f i l e  a s  above ,  b u t  i n  t h e  same f i l e  a s  
t h e  p r e v i o u s  v a r i a b l e  and d i r e c t l y  f o l l o w i n g  i t .  The
7?
v a r i a b l e s  f o l l o w i n g  t h e  f i r s t  i n  t h e  f i l e  may be r e a d  by 
##*sTATPACK e a c h  t im e  ' y e s '  i s  t h e  an sw e r  t o  t h e  q u e s t i o n ,  
'New D a t a ? '  T h i s  t y p e  o f  d a t a  f i l e  d o e s  n o t  c o n t a i n  a  
d i r e c t o r y ,  and so t o  a i d  t h e  u s e r  i n  i n t e r p r e t i n g  t h e  
a n a l y s i s ,  ^SUBFILE p r o v i d e s  him w i t h  a  p r i n t o u t  i n d i c a t i n g  
by l a b e l ,  t h e  s e q u e n c e  i n  which  t h e  v a r i a b l e s  w i l l  be r e a d  
and t h e  number o f  c a s e s  i n  e a c h .
O p t i o n  t h r e e  a l l o w s  t h e  u s e r  w i t h  i n c o m p l e t e  d a t a  
t o  make u se  o f  "***STATPAGK f o r  b i v a r i a t e  a n a l y s e s  such  a s  
S c a t t e r g r a m ,  R e g r e s s i o n ,  C o r r e l a t i o n ,  Chi S q u a r e ,  e t c .  A 
s e r i e s  o f  s e q u e n t i a l  m a t r i c e s  a r e  p u t  i n t o  a  d a t a  f i l e  as  
i n  o p t i o n  (2) b u t  t h i s  t i m e ,  t h e  v a r i a b l e s  a r e  i n  p a i r s .
A l l  p o s s i b l e  p a i r s  o f  v a r i a b l e s  a r e  r e p r e s e n t e d .  The f i r s t  
p a i r  i s  v a r i a b l e s  1 & 2, n e x t ,  v a r i a b l e s  1 & 3,  and so on 
t o  t h e  f i r s t  and t h e  l a s t  v a r i a b l e ,  t h e n  v a r i a b l e s  2 & 3,
2 & 4 and so on t o  t h e  n e x t  t o  t h e  l a s t  v a r i a b l e  and t h e  
l a s t  v a r i a b l e .  F o r  e ach  v a r i a b l e  p a i r ,  o n l y  t h o s e  c a s e s  
w i t h o u t  b l a n k s  a r e  r e p r e s e n t e d .  A ga in ,  ^SUBFILE p r o v i d e s  
t h e  u s e r  w i t h  a  p r i n t o u t  i n d i c a t i n g  t h e  seq u e n c e  i n  which  
t h e  v a r i a b l e s  w i l l  be  r e a d  and t h e  number o f  d a t a  p a i r s  i n  
e a c h  v a r i a b l e  p a i r .  These  o p t i o n s  a l s o  p r o v i d e  a  means o f  
e n t e r i n g  f i l e s  w i t h  more t h a n  12 v a r i a b l e s  a s  i n p u t  t o  
***STATPACK.
O p t i o n  (4)  a l l o w s  t h e  u s e r  t o  m o d i f y  any BIODATA 
d a t a  f i l e  c o n t a i n i n g  i n c o m p l e t e  d a t a  such  t h a t  i t  may be 
a n a l y z e d  by any  m u l t i v a r i a t e  a n a l y s i s  p ro g ram .  **SUBFILE 
r e a d s  t h e  i n d i c a t e d  i n p u t  f i l e  and s e t s  up a  d a t a  m a t r i x
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c o n t a i n i n g  a l l  v a r i a b l e s  from t h e  f i l e  b u t  o n l y  t h o s e  c a s e s  
i n  which  t h e r e  a r e  no b l a n k s  a t  t h e s e  v a r i a b l e s .  T h i s  
m a t r i x  i s  t h e n  s t o r e d  i n  a n  o u t p u t  f i l e  a s  c o m p le te  d a t a  
(no b l a n k s ) .  The number  o f  v a r i a b l e s  i n  t h e  f i l e  c an  be 
c o n t r o l l e d  by  f i r s t  b u i l d i n g  a  s u b s e t  f i l e  w i t h  o p t i o n  ( l )  
and t h e n  m o d i f y i n g  t h e  s u b s e t  f i l e  w i t h  o p t i o n  ( 4 ) .  By 
s p e c i f y i n g  o n l y  one o r  o n l y  two v a r i a b l e s  f o r  t h e  s u b s e t  
f i l e  i n  o p t i o n  ( l )  and t h e n  m o d i f y i n g  i t  w i t h  o p t i o n  ( 4 ) ,  
t h e  u s e r  may p r e p a r e  any  v a r i a b l e  o r  v a r i a b l e  p a i r  from t h e  
s o u r c e  f i l e  f o r  a n a l y s i s  by  any  u n i v a r i a t e  o r  b i v a r i a t e  
p r o g r a m .
S u b s e t  f i l e s  c r e a t e d  by  o p t i o n s  one and f o u r  c o n t a i n
a  d i r e c t o r y  and a r e  c o m p a t i b l e  w i t h  a l l  BIODATA s e r i e s
p r o g r a m s .
• f r^B igf i le .  T h i s  p rog ram  was w r i t t e n  i n  an e f f o r t  
t o  p r o v i d e  U.N.H. t e r m i n a l  u s e r s  w i t h  t h e  c a p a c i t y  t o  
m a n i p u l a t e  and e d i t  d a t a  f i l e s  l a r g e r  t h a n  250 c a s e s  and 
25 v a r i a b l e s .  Most o t h e r  p ro g r a m s  u s e  c o r e  s t o r a g e  f o r  
t e m p o r a r y  s t o r a g e  o f  i n f o r m a t i o n  d u r i n g  e x e c u t i o n  and  t h e  
sys tem  p l a c e s  a  l i m i t  on t h i s  t y p e  o f  s t o r a g e  a t  a p p r o x i m a t e l y  
l / 2 0  t h e  maximum s i z e  a l l o w e d  f o r  d a t a  f i l e s .  To overcome 
t h i s  l i m i t a t i o n ,  and w i t h  t h e  end i n  mind o f  h a n d l i n g  
m a t r i c e s  w i t h  a s  many a s  100 v a r i a b l e s  and 1500 c a s e s ,  I  
w r o t e  **BIGFILE, w i t h  t e m p o r a r y  s t o r a g e  i n  t h e  fo rm o f  
o u t p u t  d a t a  f i l e s  i n s t e a d  o f  c o r e .
The u s e r  i s  p r o v i d e d  w i t h  t h r e e  o p t i o n s  i n  **BIGFILEi
(1)  c r e a t e  a  s u b s e t  f i l e  c o n t a i n i n g  a l l  d a t a  f o r  s p e c i f i e d
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c a s e s  a t  s p e c i f i e d  v a r i a b l e s ,  (2) e d i t  a  l a r g e  f i l e  f o r  a l l  
c a s e s  w i t h  s p e c i f i e d  s c o r e s  a t  s p e c i f i e d  v a r i a b l e s ,  (3) combine 
two o r  more d a t a  f i l e s  i n t o  one ,  co m b in in g  v a r i a b l e s  where  
t h e i r  l a b e l s  c o r r e s p o n d .
O p t i o n s  ( l )  & (2)  y i e l d  t h e  same r e s u l t  a s  #*SUBFILE 
o p t i o n s  e x c e p t  t h a t  l a r g e r  f i l e s  may be w orked .  O p t io n  
(3) h a s  t h e  same r e s u l t  a s  o p t i o n s  ( 1 1 ) - ( 1 4 )  o f  ^ B I O E D I T . 
O p t i o n  (*0 i s  u n i q u e  i n  t h e  BIODATA s e r i e s  and a l l o w s  t h e  
u s e r  t o  s t o r e  a l l  d a t a  o f  a  p a r t i c u l a r  c l a s s  i n  one l a r g e  
s o u r c e  f i l e  and draw on t h a t  s o u r c e  f o r  a n a l y s i s  d a t a  u s i n g  
t h e  o t h e r  o p t i o n s  o f  *# BIGFILE.
a t  s t a t e .  T h i s  p rogram  was w r i t t e n  t o  a l l o w  
u s e r s  w i t h  t h e i r  d a t a  s t o r e d  i n  d a t a  f i l e s  t o  make u se  o f  
p ro g r a m s  r e q u i r i n g  i n p u t  i n  t h e  fo rm o f  " d a t a  s t a t e m e n t s " .
Many, i f  n o t  m o s t ,  s t a t i s t i c a l  p ro g r am s  i n  t h e  
U.N.H. t e r m i n a l  l i b r a r i e s  r e q u i r e  t h a t  t h e  u s e r  f i r s t  " l o a d "  
t h e  p rogram  and t h e n  e n t e r  t h e  d a t a  t o  be a n a l y z e d  i n  t h e  
form o f  d a t a  s t a t e m e n t s  b e f o r e  a c t u a l l y  r u n n i n g  t h e  p rog ram .
A l i n e  number ,  such  a s  ' 1 0 1 0 '  i s  e n t e r e d ,  t h e n  t h e  word 
'D a ta *  and t h e n  t h e  d a t a  i t s e l f ,  i n  a  f o r m a t  p r e s c r i b e d  by 
t h e  p rogram  and w i t h  d a t a  e l e m e n t s  s e p a r a t e d  by commas.
T h i s  method i s  t im e  consum ing ,  p ro n e  to  e r r o r ,  and p r o ­
h i b i t i v e  f o r  l a r g e  vo lum es  o f  d a t a .
However,  ■“•*DATSTATE i s  c a p a b l e  o f  p r o v i d i n g  u s e r s  
w i t h  an i n t e r f a c e  b e tw ee n  t h e  d a t a  s t o r e d  i n  t h e i r  d a t a  
f i l e s  and an a n a l y s i s  p rog ram  r e q u i r i n g  d a t a  s t a t e m e n t  
i n p u t .  The u s e r  o f  **DATSTATE i s  f i r s t  a s k e d  i f  he  n e e d s
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d i r e c t i o n s  and t h e n  t o  name t h e  f i l e  t o  be r e a d .  Then he 
i s  p r o v i d e d  w i t h  a  s h o r t  l i s t  o f  f o r m a t  o p t i o n s ,  from which  
he c h o o s e s  a  s e q u e n c e  t h a t  m a tc h e s  t h e  f o r m a t  s p e c i f i c a t i o n s  
o f  t h e  p rog ram  i n  q u e s t i o n .  The o p t i o n s  a r e i
1 .  Number o f  rows .
2.  Number o f  co lum ns .
3. D a t a ,  row by row ( c a s e  by c a s e ) .
b .  D a t a ,  column by column ( v a r i a b l e ) .
5.  Number o f  d a t a  p o i n t s  i n  m a t r i x  (R x C).
A t y p i c a l  f o r m a t  s e q u e n c e  m ig h t  be  1 ,  2,  3- The u s e r  i s  
t h e n  a sk e d  i n t o  w hich  p rog ram  t h e  d a t a  on t h e  t a p e  i s  t o  
be  r e a d  and on w h ich  l i n e  number t h e  d a t a  s t a t e m e n t s  a r e  
t o  b e g i n .  The f i l e  i s  t h e n  r e a d  and t h e  t a p e  i s  punched  
f i r s t  w i t h  i n s t r u c t i o n s  t o  l o a d  t h e  a n a l y s i s  p rog ram  and 
t h e n  t h e  d a t a  s t a t e m e n t s  c o n t a i n i n g  t h e  d a t a  e l e m e n t s  i n  
t h e  s p e c i f i e d  s e q u e n c e .  The t a p e  w i l l  a u t o m a t i c a l l y  r u n  
t h e  p rogram  when i t s  d a t a  i s  e n t e r e d  so t h e  u s e r  need  o n l y  
s t a r t  t h e  t a p e  i n t o  t h e  t a p e  r e a d e r  t o  g e t  t h e  a n a l y s i s .
**B iopunch .  T h i s  p rog ram  was w r i t t e n  t o  p r o v i d e  
a  means  f o r  s t o r i n g  d a t a  f i l e s  on p a p e r  punch  t a p e .  The 
t a p e  punched  by  **BI0PUNCH n e e d  o n l y  be s t a r t e d  i n t o  t h e  
t a p e  r e a d e r  and a l l  n e c e s s a r y  i n s t r u c t i o n s  a r e  p r o v i d e d  
f o r  t h e  a u t o m a t i c  r e e n t r y  o f  t h e  d a t a  i n t o  a  f i l e  o f  t h e  
same name and s i z e  a s  t h e  o r i g i n a l .  The d a t a  f i l e  may 
o r  may n o t  have  o r i g i n a l l y  b e e n  c r e a t e d  i n  t h e  **BI0DATA 
s e r i e s  b u t  m us t  be  i n  a  r o w s - b y - c o lu m n s  f o r m a t .
At t h e  b e g i n n i n g  o f  t h e  t a p e  a r e  punched  s e v e r a l  
sy s te m  commands w h ich  p r e p a r e  t h e  sys tem  f o r  r e a d i n g  t a p e d  
i n s t r u c t i o n s  and t h e  f i l e  name i s  r e a l l o c a t e d .  F o l l o w i n g
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t h e s e  i n s t r u c t i o n s  i s  a  s h o r t  r e - e n t r y  p rog ram  o f  a b o u t  
20 l i n e s  w hich  i s  f e d  i n t o  t h e  co m p u te r  and  t h e n  e x e c u t e d .  
T h i s  s h o r t  p rog ram  t h e n  t a k e s  o v e r  and r e a d s  t h e  d a t a  
punched  on t h e  r e m a i n d e r  o f  t h e  t a p e  and a u t o m a t i c a l l y  
r e b u i l d s  t h e  d a t a  f i l e  e x a c t l y  l i k e  i t  was.
The p rog ram  **BI0PUNCH o n l y  a s k s  t h e  u s e r  t o  s p e c i f y  
t h e  name o f  t h e  d a t a  f i l e ,  w h e t h e r  o r  n o t  i t  was c r e a t e d  by  
a  BIODATA p rogram  ( t o  d e t e r m i n e  i f  a  d i r e c t o r y  s h o u l d  be 
r e a d  from t h e  f i l e )  and t h e n  to  t u r n  on t h e  t a p e  p u n c h e r .
The i n s t r u c t i o n s  and r e - e n t r y  p rogram  a r e  a u t o m a t i c a l l y  
punched  on t h e  t a p e  p r i o r  t o  t h e  d a t a .
* * F r e q p l o t . T h i s  p rog ram  was w r i t t e n  t o  p r o v i d e  
a  c o n v e n i e n t  means o f  a u t o m a t i c a l l y  c o m p u t in g  l b  b a s i c  
s t a t i s t i c s  and t h e n  a  f r e q u e n c y  d ia g ra m  f o r  e ach  v a r i a b l e  
i n  a  l a r g e  d a t a  f i l e .
The b a s i c  s t a t i s t i c s  a r e  p r i n t e d  a t  t h e  h e a d  o f  
t h e  g r a p h  and a r e  a s  f o l l o w s !  ( l )  number o f  s c o r e s ,
(2 )  number o f  s c o r e  c a t e g o r i e s ,  (3)  maximum s c o r e ,  (b) 
minimum s c o r e ,  (5)  r a n g e ,  (6) mean, (7) m e d ia n ,  (8)  mode,
(9 )  l a r g e s t  i n t e r v a l  b e tw een  s u c c e s s i v e  c a t e g o r i e s ,  (10) 
s m a l l e s t  i n t e r v a l ,  (11)  c o e f f i c i e n t  o f  v a r i a t i o n ,  (12) 
s t a n d a r d  e r r o r  o f  mean, ( 1 3 ) s t a n d a r d  d e v i a t i o n ,  ( l b )  
v a r i a n c e .
The g r a p h  i s  p r i n t e d  w i t h  t h e  f r e q u e n c y  a x i s  
a c r o s s  t h e  page  and t h e  i n t e r v a l  a x i s  down t h e  page  so 
t h a t  a s  many i n t e r v a l s  may be  p r i n t e d  a s  n e c e s s a r y .  The 
i n t e r v a l  s i z e  f o r  t h e  g ra p h  i s  a u t o m a t i c a l l y  c h o s e n  a s
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t h e  s m a l l e s t  d i f f e r e n c e  b e tw ee n  any two c o n s e c u t i v e  s c o r e  
v a l u e  c a t e g o r i e s  and t h e  number o f  i n t e r v a l s  i s  e q u a l  t o  
t h e  r a n g e  d i v i d e d  by t h e  i n t e r v a l  +1 . A f r e q u e n c y  d ia g ra m  
so c o n s t r u c t e d  g i v e s  an a c c u r a t e  i n d i c a t i o n  o f  t h e  t r u e  
d i s t r i b u t i o n  o f  v a l u e s  t h r o u g h o u t  t h e  r a n g e  o f  t h e  v a r i a b l e .
At each  s c o r e  c a t e g o r y ,  t h e  i n t e g r a l  v a l u e  o f  t h e  
c a t e g o r y  i s  p r i n t e d  a t  t h e  l e f t  o f  t h e  f r e q u e n c y  b a r  and 
t o  t h e  r i g h t ,  t h e  f r e q u e n c y  f o r  t h a t  c a t e g o r y  and t h e  
c u m u l a t i v e  f r e q u e n c y  f o r  t h a t  c a t e g o r y  a r e  p r i n t e d .
•ft^Bioanova. T h i s  p rog ram  com putes  t h e  a n a l y s i s  
o f  v a r i a n c e  f o r  a  one-way  c o m p l e t e l y  ran d o m iz ed  d e s i g n .
The c o m p u t a t i o n a l  p o r t i o n  o f  t h e  p rog ram  was e x t r a c t e d  from 
**STAT 13,  a  D ar tm ou th  s t a t i s t i c a l  p ro g r a m .  The l a t t e r  i s  
a v a i l a b l e  i n  t h e  U.N.H. ** l i b r a r y  b u t  r e q u i r e s  i n p u t  v i a  
d a t a  s t a t e m e n t s ,  a  p r o h i b i t i v e l y  awkward means o f  i n p u t  
when more t h a n  one v a r i a b l e  i s  t o  be a n a l y z e d  from a  common 
s e t  o f  t r e a t m e n t s .  I  h ave  a t t a c h e d  t h e  c o m p u t a t i o n a l  
s u b r o u t i n e s  o f  ^STAT 13 t o  a  d a t a  f i l e  i n p u t  s e c t i o n  u n d e r  
t h e  name o f  #*BIOANOVA. The added  i n p u t  s e c t i o n  a l l o w s  t h e  
u s e r  t o  s e l e c t  a nova  t r e a t m e n t s  from one o r  more BIODATA 
d a t a  f i l e s  by s p e c i f y i n g  c a s e  i n d e x  n um bers .  The i n p u t  
s e c t i o n  i s  w r i t t e n  so t h a t  i n c o m p l e t e  d a t a  m a t r i c e s  may be 
a n a l y z e d  a s  t r e a t m e n t s .  The u s e r  may s p e c i f y  a s  many a s  
20 t r e a t m e n t s  and a s  many a s  200 s c o r e s  i n  e ach  t r e a t m e n t .
A f t e r  t h e  c a s e  i n d e x  num bers  h ave  b e e n  e n t e r e d  f o r  
a l l  t r e a t m e n t s ,  t h e  u s e r  i s  a sk e d  which  v a r i a b l e  i s  t o  be 
a n a l y z e d .  When t h e  v a r i a b l e  t o  be a n a l y z e d  i s  i d e n t i f i e d ,
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t h e  p ro g ram  s o r t s  t h r o u g h  t h e  d a t a  o f  e a c h  t r e a t m e n t  m a t r i x  
and s e l e c t s  a s  i n p u t  o n l y  t h o s e  s c o r e s  f o r  t h e  s p e c i f i e d  
v a r i a b l e .  S i n c e  t h e  v a r i a b l e  i s  s p e c i f i e d  by i t s  u n iq u e  
I . D .  l a b e l ,  i t  i s  p o s s i b l e  t o  b u i l d  t r e a t m e n t s  from d i f f e r e n t  
f i l e s  h a v i n g  d i f f e r e n t  v a r i a b l e  s e q u e n c e s .  V a r i a b l e s  may 
be s p e c i f i e d  w hich  a r e  n o t  p r e s e n t  i n  a l l  t r e a t m e n t  m a t r i c e s  
and w hich  h ave  m i s s i n g  d a t a  e l e m e n t s .
The a n a l y s i s  p r i n t o u t  i n c l u d e s  t h e  anova  t a b l e  a s  
w e l l  a s  t h e  c a l c u l a t e d  p r o b a b i l i t y  a t  w h ich  t h e  "F" r a t i o  
i s  s i g n i f i c a n t ,  e l i m i n a t i n g  t h e  need  f o r  t a b l e  c o n s u l t a t i o n  
f o r  t e s t s  o f  s i g n i f i c a n c e .
PROGRAM LISTINGS
F o l l o w i n g  a r e  l i s t i n g s  o f  BIODATA p r o g r a m s  i n  t h e  
o r d e r  d i s c u s s e d  ab o v e i
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BIOFILE 2 2 : 4 3  MAY 1 7 ,  19 7 3
1 DIM D ( 4 0 ) ,  R $C 40) ,N $C  1 5 0 0 )
2 PRINT ’’NEED DIRECTIONS?"
3 INPUT DS
4 PRINT
5 IF  DS= "NO" THEM 19
6 PRINT " THIS PROGRAM I S  A PART OF THE **B I  ODATA SERIES (WHICH"
7 PRINT " S E E ) .  IT ALLOWS THE USER TO ENTER DATA FROM A RAW DATA"
3 PRINT "TABLE INTO A DATA FILE OR MEMORY AREA IN THE COMPUTER"
9 PRINT "AND STORE THE DATA THERE WHILE ANY NUMEER OF ANALYSES ARE "
10 PRINT "PERFORMED ON I T .  THE DATA STRUCTURE I S  COMPATIBLE"
11 PRINT "WITH THAT OF * * * STATPACK AS WELL AS ALL **BIODATA PROGRAMS."
12 PRINT " I F  YOU DO NOT KNOW HOW TO ALLOCATE SPACE FOR DATA F I L E S , "
13 PRINT "PUSH THE ’ BREAK’ BUTTON AND RUN * * * F I L E . "
14 PRINT " THIS PROGRAM WILL CONSTRUCT FILES WITH UP TO 1 5 0 0 "
15 PRINT "CASES AND UP TO 40 VARIABLES."
16 PRINT
17 PRINT "NAME OF DATA FIL E  TO CONTAIN YOUR DATA?"
13 GOTO 20
19 PRINT "OUTFILE NAME?"
20 INPUT F$
21 OPEN 1,  FS ,  OUTPUT
22 PRINT
23 IF  D$= "NO" THEN 26
24 PRINT "HOW MANY VARIABLES^ COLUMNS) IN YOUR DATA TABLE?"
25 GOTO 27
26 PRINT " §  OF VARIABLES?"
27 INPUT C
23 IF C< 1 3 THEM 33
29 PRINT "NOTE * * STATPACK WILL NOT ACCEPT FILES WITH OVER 12 VARIABLES'
30 IF  C< 26 THEM 33
31 PRINT "NOTE-- MANY * * £ 1 0 DATA PROGRAMS WILL NOT ACCEPT DATA FILES"
32 PRINT "WITH OVER 25  VARIABLES."
33 PRINT
34 IF  D$= "NO" THEN 37
35 PRINT "HOW MANY CAS ESC RO VS) ? "
36 GOTO 33
37 PRINT "# OF CASES?"
33 IMPUT R
39 I F  R< 1 01 THEN 44
40 PRINT "MOTE- ***STATPACK WILL WOT ACCEPT FILES WITH OVER 100 C A S E S. ’
41 IF  R< 2 51 THEN 4 4
42 PRINT "NOTE--  MANY **B I  ODATA PROGRAMS VILL NOT ACCEPT FILES WITH"
43 PRINT "MORE THAN 2 50  CASES."
44 PUT 1 : R, C
45 PRINT
46 IF  DS= "YES" THEN 49
47 PRINT "VARIABLE NAMES?"
43 GOTO 51
49 PRINT "AFTER EACH NUMBERED • ? ’ ,  ENTER A LABEL TO IDENTIFY"
50 PRINT "THE APPROPRIATE VARIABLE:"
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51 FOP J=1 TO C
52 PRINT J ;
53 INPUT RSCJ)
54 NEXT J
55 I F  D$= "YES” THEM 59
56 PRINT
57 PPIMT "CASE LABELS?"
53 GOTO 60
59 PRINT "AFTER EACH • ? •  ENTER THE LABEL FOP. ONE CASE:"
60 FOP 11 = 1 TO P
61 PRINT I 1 J
62 INPUT M S C Il )
63 NEXT I 1
64 I F  D$= "YES" THEN 63
65 PRINT
66 PRINT "MO"j ENTER DATA FOR EACH CASE:"
67 GOTO 3 6
6 8  PRINT "DOES YOUR ORIGINAL DATA TABLE HAVE ANY BLANK SPACES OR"
6 9  PRINT "GAPS '•’HERE SCORES WERE UNOBTAINABLE?"
70 INPUT BS
71 PRINT
72 IF  B$= "MO" THEN 7 6
73 PRINT
74 PRINT "THEN ENTER THE CODE 3E33 FOR EVERY MISSING SCORE."
75 PRINT
76 I F  DS= "NO" THEN 3 7
77 PRINT " IN THIS SECTION THE LABELS YOU HAVE ASSIGNED TO EACH"
73 PRINT "CASE MILL BE PRINTED. FOLLOWING EACH LAEEL, ENTER THE DATA” 
79 PRINT "FOR THE INDICATED CASE WITH ALL VALUES SEPARATED BY COMMAS." 
30 PRINT "DATA FOR. EACH CASE MUST BE IN THE SAME ORDER IN WHICH YOU " 
81 PRINT "ENTERED THE WARI ABLE LABELS, IN OTHER WORDS, FROM "R SC 1)" "
32 PRINT "TO " R S C O " .  I F  YOU MAKE AM ERROR, CORRECT IT BY RUNNING"
33 PRINT "**BIOEDIT AFTER YOU HAVE FINISHED WITH **  BI 0 FI L E. "
34 IF E$= "NO” THEN 3 6
35 PRINT "DON’ T FORGET TO STICK A 3E33 IN FOR EACH BLANK!"
36 PRINT
37 FOR 1=1 TO P 
33 PRINT US ( I ) " " ;
39 MAT INPUT DC C)
90 FOR J=1 TO C
91 PUT 1: DC J )
92 NEXT J
93 NEXT I
94 FOR J = 1 TO C
95 PUT 1: RSCJ)
96 NEXT J
97 FOR 1 = 1 TO P.
93 PUT 1: NSC I )
99 NEXT I
100 CLOSE 1
101 PRINT "CREATE ANOTHER FIL E?"
102 INPUT AS 
10 3 PRINT
104 IF A$= "YES" THEN 2 
10 6 END
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BIOEDIT 1 9:  4 2  MAY 1 7 ,  1 9 7 3
1 DIM XC 2 0 0 ,  2 0 ) ,  RSC 2 0 ) , NSC 2 3 0 ) ,  DSC 2 0 0 ) , AC 2 0 0 ) ,  B( 2 0 0 )
2 PRINT "MEED DIRECTIONS?"
3 INPUT D$
4 I F  D$= "MO" THEN 3
5 PRINT




9 PRINT "INPUT FILE NAME?"
10 INPUT FS
11 OPEN 1,  F S ,  INPUT
12 GET 1: P., C
13 PRINT
14 PRINT C'VARIABLES &"R"CASES”
15 PRINT
16 PRINT "OPERATION DESIRED?"
17 INPUT 0 
13 PRINT
19 IF  0=1 THEN 3 2
20 REM READ F I L E .
21 GOTO 6 50
22 GOTO 26
23 PRINT
24 PRINT "NEXT OPERATION?"
25 INPUT 0
26 IF  0 = 0 THEN 7 23
27 PRINT
23 GOTO 3 2 ,  1 6 0 ,  1 7 6 ,  19 2 ,  13 5 ,  19 2 ,  3 6 2 ,  38 1,  4 0 1 ,  4 6 9 ,  51 0 ,  51 0 ,  51 0 ,  51 0 ,  63 
2 ON 0
29 PP.IMT
30 PRINT "TRY AGAIN! NUMBER MUST BE AN INTEGER 1 < = N < = 1 4 . "
31 GOTO 25
32 PRINT " I S  "FS" A **B I  ODATA DATA FILE?"
33 INPUT BS
34 LET P,  P 1 = 0
35 I F  B$= "YES" THEN 55
36 REM BEGIN PRINTING ROUS FROM MATRIX.
37 GO SUB 67 2
38 PRINT
39 RESET 1
40 G ET 1: R, C
41 FOR 1 = 1 TO R
42 PRINT
43 MAT GET 1: ACC)
44 PRINT "CASE *"1
45 FOR J=1 TO C
46 I F  AC J > < > 3 E 3 3  THEN 49
47 PRINT " * * * *  ";
48 GOTO 50
87







56 PRINT "WITH WHICH CASE DO YOU WISH TO BEGIN?"
57 INPUT B 1
58 RESET 1
59 GET 1 : R, C
60 FOR I 1 = 1 TO R
61 FOR J l  = l TO C
62 G ET 1 : X
63 NEXT J1
64 NEXT II
65 FOR J l = l  TO C
66 GET 1 : R S C J l )
67 NEXT J1
68 FOP. I 1 = 1 TO P.
69 GET 1 s NSC I 1)
70 NEXT I 1
71 RESET 1
72 LET NSC R + 1 ) ,N S <  P.+ 2 ) =  ""
73 G ET 1 : R, C
74 IF  El = 1 THEN 3 2
75 LET P= 50
76 FOR 1=1 TO B1 — 1
77 FOR J=1 TO C 




32 GOSUB 6 7 2  
83 LET S=0
34 LET A= 1
35 PRINT
36  LET P=P+1 3
37 LET P 1 = 1
33 REM DETERMINE HOW MANY PRINT LINES NEEDED FOR PRINTING CASE NO 
.S
89 LET D=R/3
90 LET D=INTC D)




95 I F  D+P< 60 THEN 100
96 REM ESTABLISH HOW MANY CASE INDEX NUMBERS SHOULD BE PRINTED ON
97 REM THIS PAGE AND HOW MANY ON NEXT PAGE
93 LET D1 = D- C 6 0 - P )
99 LET D = 6 0 -P
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100 FOR I =A TO A + D - l
101 REM PRINT INDEX NUMBERS AND LABELS OF CASES THREE-VI DE.
102 PRINT USING 6 6 7 ,  I ,* NSC I ) J I+DJ MS C I + D) ,* I +2* D,# NSC I + 2*D>
103 LET 1 2 = 1 2 + 1
104 LET P=P+1
105 NEXT I
10 6 IF I 2<M THEN I 1 2
107 I F  R/3<  1 5 THEN 1 10
103 REM SPACE TO BOTTOM OF PAGE.
109 GOSUB 7 0 6
110 REM BEGIN NEXT PAGE WITH PRINTING SCORES FOR VARIABLES.
111 GOTO 120
112 GOSUB 7 0 3
113 LET A=I +2*D+ 1
114 I F  M-1 2 > 6 0 - P  THEN 117
115 LET D=M-1 2
116 GOTO 100
117 LET D= 52  
113 LET D1=M -I2
119 GOTO 100
120 FOR I I  =B1 TO P. STEP 5
121 I F  R-1 1 < 5 THEN 1 23
122 FOR 1=1 TO 5
123 FOP. J=1 TO C
124 GET 1: X C I , J )
125 NEXT J
126 NEXT I
127 GOTO 139  
123 REM
129 FOR 1=1 TO R - I l
130 FOR J=1 TO C
131 GET 1: X C I , J )
132 NEXT J
133 NEXT I
134 FOR 1 5 = 1 + 1  TO 5
135 FOR J=1 TO C
136 LET X C I , J ) = 3 E 3 3
137 NEXT J 
133 NEXT 1 5
139 PRINT USING 1 4 0 ,  I 1 J I 1 + 1 J I 1 + 2J I 1+3,* I 1+4
140: CASE INDEX NUMBERS: f t f t f t f t  f t f t f t f t  H i t # #  f t f t f t f t
ftftftft
141 LET P=P+1
142 FOR J l  = l TO C
143 PRINT USING 1 4 4 ,  J 1 ; R$ C J 1 ) i  X C 1 ,  J 1 ) ,* X C 1 + 1 ,  J 1 > ; X ( 1 + 2 ,  J 1 ) J X< 1 + 3 ,  J  
n ; x c  i + 4 , j i  )
144: f t  f t  •  ftftftftftftftftftftftftftftftftftft ftftftftftft.ftft ftftftftftft.ftft ft ft ft ft ft ft • ft ft ftftftftftft.ft 
f t  f t f t f t f t f t f t . f t f t
145 LET P=P+1
146 I F  P< 60 THEN 1 52
147 GOSUB 7 0 3
143 PRINT " . . . C O N T IN U E D  FROM PAGE"P1-1
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149 PRINT
150 PRINT USING 1 40* I 1; I 1 + 1 ; I 1+2;  I 1+3J I 1+4




155 IF P+ C+ 2< 65  THEN 153
156 I F  I 1 + 4 > = R THEN 1 53
157 GOSUB 7 0 6  
153 NEXT II
159 GOTO 63 3
160 PRINT "AFTER EACH NUMBERED ' ? ' *  ENTER ANY I . D .  LAEEL"
161 PRINT "FOR THE APPROPRIATE VARIABLE:"
162 FOR J=1 TO C




167 PPINT "AFTER EACH NUMBERED ' ? ' *  ENTER AMY I . D .  LABEL FOR" '' 
163 PRINT "THE APPROPRIATE CASE:"
169 FOR 1=1 TO R
170 PRINT IJ
171 INPUT M$CI>
17 2 NEXT I
173 REM REBUILD FILE VITH DATA PLUS LAEELSC DI RECTORY) .
174 LET 0 = 0
175 GOTO 634
176 REM BEGIN PRINTING DATA FOR SPECIFIED CASES.
177 PRINT "PRINT THE DATA FOR WHICH CASE?"
173 INPUT AS
179 REM DETERMINE IF INDICATED CASE EXISTS IN FILE AND SAVE IT S  
13 0 REM INDEX NUMBER.
18 1 FOR 1=1 TO R 
18 2 NEXT I
183 GOSUE 7 0 0  
134 GOTO 173
18 5 PRINT "PRINT DATA FOR WHICH VARIABLE?"
18 6 INPUT AS
137 FOR J=1 TO C
138 I F  A S = R $ ( J )  THEN 3 0 2
18 9 NEXT J
190 GOSUE 7 0 0
191 GOTO 1 86
19 2 IF  0 = 6  THEN 19 6
19 3 PRINT "WITH WHICH CASE DO YOU WISH TO BEGIN?"
19 4 INPUT R5
195 IF R5>R THEN 193
196 LET P= 1 2 
19 7 LET P 1 = 1 
193 GOSUE 6 7 2
199 I F  0 =6  THEN 258
200 FOR I = R5 TO R
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201 IF  P< 5 5 THEN 2 0 4
202 REM BEGIN NEXT CASE ON NEXT PAGE.
203 GOSUE 7 0 6
204 PRINT
205 REM PRINT CASE INDEX NUMEER AMD LABEL.
206 PRINT "iT’i ;  NSC I > "
207 LET P=P+ 2
208 LET X=0
209 REM BLANK OUT ALL SUMMATION VARIABLES.
210 FOR J=1 TO C+l
211 LET AC J )  ,  B( J )  = 3E33  
21 2 LET DSC J )  = ""
21 3 NEXT J
214 FOR J=1 TO C
215 REM SKIP BLANKS.
216 IF  X C I , J )  = 3E33 THEN 2 22
217 REM COUNT AND SAVE SCORES.
213 LET X = K + 1
219 LET AC K> =X C I ,  J )
220 LET D$CK) = RSCJ)
221 LET BCK)=J
222 NEXT J
223 REM DETERMINE NUMBER OF PRINT LINES NECESSARY FOR THIS CASE.
224 LET S=0
225 LET D=K/2
226 LET D= I NTC D)
227 LET A=1
223 IF  D=K/2 THEN 2 3 0
229 LET D= D+ 1
230 LET M=D
231 I F  D+P< 60 THEN 2 3 5
232 REM PRINT ONLY C 6 0 - P > * 2  CASES ON THIS PAGE.
233 LET D1 = D-C 6 0 - P )
234 LET D= 6 0 - P
235 FOR J = A TO D+S
236 REM PRINT IN DEC NUMBER.* LABEL AND SCORE FOR EACH VARIABLE MEA 
SURED
237 REM FOR THIS CASE.
233 PRINT USING 669  ,  BC J ) ; D$ C J ) J  AC J )  i  BC J+  D) ; DSC J+ D) J AC J + D)
239 LET P=P+1
240 IF P< 60 THEN 251
241 IF J<M THEN 2 4 5
242 GOSUB 70 6
24 3 REM BEGIN NEXT PAGE WITH NEW CASE.
244 GOTO 251
245 REM BEGIN NEXT PAGE WITH CONTINUATION OF THIS CASE
2 46  GOSUE 70  3
247 LET A= 2 * J+ 1
248 LET S=A~ 1
249 LET D=D1
250 GOTO 2 3 5
251 NEXT J
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252 IF  0 = 3  THEM 23
253 REM BEGIN PRINTING NEXT CASE.
25A NEXT I
255 IF  R*C/2< 1 5 THEM 15
256 REM PRINT TAIL AMD SPACE TO END OF PAGE
257 GOTO 688  
253 PRINT




263 LET P = P+ 3 
26A LET P l  = l
265 REM DETERMINE HOW MANY PRINT LINES NEEDED FOR PRINTING CASE N 
0. S
266 LET D =R /3
267 LET D= I NTC D)
268 IF D= R / 3  THEN 270
269 LET D=D+1
270 LET M=D
271 IF D+P< 60 THEN 27 6
272 REM ESTABLISH HOW MANY CASE INDEX NUMBERS SHOULD BE PRINTED 0 
M
273 REM THIS PAGE AND HOW MANY ON NEXT PAGE 
27A LET Dl = D -(  6 0 - P )
275 LET D= 6 0 - P
27 6 FOR I =A TO D+S
277 REM PRINT INDEX NUMBERS AND LABELS OF CASES THREE-WIDE.
273 PRINT USING ' 6 6 7 ,  I JNSC I >; I+DiNSC I + D ) ;  I + 2*D;M$( I + 2 * D )
279 LET P=P+1
23 0 IF  P< 60 THEN 29 1
231 IF I <M THEN 23 6
23 2 REM SPACE TO BOTTOM OF PAGE.
28 3 GO SUB 7 0  6
23A REM BEGIN NEXT PAGE WITH PRINTING SCORES FOR VARIABLES.
23 5 GOTO 2 9 5  
23 6 GOSUB 7 0 3  
23 7 LET A =3 * I  + 1 
23 8 LET S = A - 1
28 9 LET D= D1
290 GOTO 2 7 6
291 NEXT I
29 2 I F  R*C/3< 1 5 THEN 29 5 
29 3 GOSUB 7 0 6
29A GOTO 2 9 7  
29 5 PRINT 
29 6 PRINT 
29 7 FOR J=1 TO C
298 REM DETERMINE IF  NEXT VARIABLE SHOULD BE PRINTED ON NEXT PAGE 
•
299 I F  P< 5 5  THEN 3 0 2
300 REM SPACE TO END OF PAGE
92
301 GOSUB 7 0 6
302 PRINT
303 REM PRINT INDEX NUMBER AND LABEL FOR THIS VARIABLE.
304 PRINT " r ’j ;  RSI J )  "s "
305 LET P=P+ 2 
30 6 LET S ,K = 0
307 LET A= 1
308 REM BLANK OUT ALL SUMMATION VARIABLES.
309 FOR 1 = 1 TO R+5
310 LET A ( I ) < B (  I ) = 3 E 3 3
311 LET D$ CI ) = ""
312 NEXT I
313 FOR 1=1 TO R
314 REM SKIP BLANKS.
315 I F  XCI , ,J )  = 3E33 THEN 321
316 REM COUNT AMD SAVE CASE SCORES AND INDEX NUMBERS FOR THIS VAR 
I ABLE
317 LET K=K+ 1
318 LET A C K )= X C I ,J )
319 LET DSC K )=M$C I)
320 LET BC K) = I
321 NEXT I
322 IF  0 = 5  THEM 3 54
323 REM DETERMINE HOW MANY PRINT LINES ARE NEEDED FOR THIS VARIAB 
LE.
324 LET D= K/ 6
325 LET D= I NT( D)
326 LET A= 1
327 IF  D=K/6 THEN 329
328 LET D= D+ 1
329 LET M= D
330 I F  D+P< 60 THEM 3 3 5
331 REM DETERMINE HOW MANY SCORES FOR THIS VARIABLE SHOULD BE
332 REM PRINTED ON THIS PAGE AND HOW MANY ON NEXT
333 LET Dl = D-< 6 0 - P )
334 LET D= 6 0 - P
335 FOR I =A TO D+S
336 REM PRINT CASE INDEX NUMBERS AND SCORES, 6 ACCROSS.
337 PRINT USING 6 6 3 ,  BC I > J AC I ) ; B< I+D)  ; AC I+D ) ; BC I + 2 * D )  J AC I + 2 * D )  J BC I 
+3*D) ; AC I +3 *D ) ; BC I + 4 * D) J AC I + 4*D>; BC I +5 *D ) J AC I + 5 * D)
338 LET P=P+1
339 I F  P< 60 THEM 3 50
340 I F  I<M THEN 34 5
341 REM SPACE TO BOTTOM OF PAGE
342 GOSUB 7 0 6
343 REM BEGIN NEW VARIAELE ON NEXT PAGE.
344 GOTO 351
345 GOSUB 7 0 3
346 LET A =6 * I  + 1
347 LET S = A - 1
348 LET D=D1
349 GOTO 3 35
350 MEXT I
351 MEXT J
352 REM PP.IMT TAIL AMD SPACE TO BOTTOM OF PAGE.
353 GOTO 683
35A REM DETERMIME MUMBER OF PRINT LIMES NEEDED FOR THIS VARIABLE
355 LET D=K/2
356 LET D= I MT( D)
357 FOR 1 = 1 TO D
353 REM PRINT INDEX NUMBERS* LABELS AND SCORES FOR THIS VARIABLE
359 PRINT USING 669* BC I ) ; DSC I ) JA( I > ; BC I + D) J DSC I+D ) * AC I + D)
360 NEXT I
361 GOTO 23
362 PRINT "HOV MANY VARIABLES DO YOU NISH TO ADD TO "FS" ?"
363 INPUT C2
364 FOR J=C+1 TO C + C2
36 5 PRINT
366 PRINT "ASSIGN AM I . D .  LABEL TO THE "VAR I ABLE: "
367 INPUT RSCJ)
368 PRINT
369 PRINT "AFTER EACH • ? •  ENTER THE VALUE OF ' " R S C J ) " '  FOR "
370 PRINT "THE INDICATED CASE:"
371 FOR 1 = 1 TO R
37 2 PRINT NSC I ) *
37 3 INPUT X C I * J )
374 NEXT I
375 MEXT J
376 REM INCREASE THE NUMBER OF COLUMNS IN THE MATRIX.
377 LET C=C+C2
373 REM REBUILD FILE TO CONTAIN ADDED VARIAELECS).
379 LET 0 = 0  
33 0 GOTO 6 3 4
33 1 PRINT "HOV MANY CASES DO YOU VI SH TO ADD TO "FS" ?"
33 2 INPUT R2
38 3 FOR I = R + 1 TO R + R2 
33 4 PRINT
33 5 PRINT "ASSIGN AN I . D .  LABEL TO THE # "  I "CASE:"
3 8  6  INPUT NSC I )
337 PRINT
333 PRINT "AFTER EACH ’ ? ’ ENTER THE VALUE OF , " M $ C I )" '  FOR "
339 PRINT "THE INDICATED VARIABLE:"
39 0 FOR J=1 TO C 
391 PRINT RSCJ);
39 2 INPUT XCI*J>
39 3 NEXT J
39 4 PRINT 
3 9  5 NEXT I
39 6 REM INCREASE THE NUMBER OF ROWS IN THE MATRIX.
39 7 LET R=R+R2
393 REM REBUILD FILE TO CONTAIN ADDED CASES.
399 LET 0 = 0
400 GOTO 6 3 4


































SUCH AS ' 2 >  1 ' ?"





I F  D$= "NO" THEN 4 10
PRINT "INDICATE WHERE CHANGES ARE TO BE MADE BY"
PRINT " ( 1 )  SPECIFYING THE I . D .  LABELS OF THE APPROPRIATE" 
PRINT "CASES &  VARIABLES SUCH AS ’ "NSC 2) " j  "ESC 1 ) " • OR"
PRINT "BY ( 2 )  THEIR INDEX NUMBERS 
GOTO 411
PRINT "ADDRESS BY ( 1 )  ID  LABEL 
INPUT M 
PRINT
IF M>2 THEN 4 04  
I F  M=1 THEM 44 2 
REM BEGIN ADDRESSING SCORES BY 
PRINT "AFTER EACH ENTER CASE NUMBER
PRINT "NUMBER COMMA CORRECT VALUE:"
FOR P=1 TO N 
INPUT E 1 , C 1 , V  
REM BEGIN DETERMI MI MG 
REM WITHIN THE BOUNDS 
FOR 1=1 TO R 
IF  I = R1 THEN 428  
MEXT I
PRINT "INDEX NUMBER 
PRINT R"IMCLUSI VE.
GOTO 4 19  
FOR J=1 TO C 
IF J = C1 THEN 4 3 4  
MEXT J
PRINT "INDEX MUMEER FOR VARIABLE MUST EE INTEGER BETWEEN 1 AN








MUST BE BETWEEN 1 AND" 
ALL 3 NUMBERS AGAIN:"
FOR SCORES.  
■X< R1 ,  Cl ) "NOW V
PRINT 
GAIN: "
433 GOTO 4 19
434 REM PRINT OLD AND NEW VALUES
435 PRINT N $ ( R 1 ) " :  " R $ ( C l ) "--WAS'
436 LET XI R l ,  Cl )=V
437 NEXT P
438 REM REBUILD FILE TO SAME DIMENSIONS BUT WITH SCORES CHANGED
439 REM AS DIRECTED.
440 LET 0 = 0
441 GOTO 6 3 4
442 REM BEGIN ADDRESSING SCORES BY LABEL AND SAVE INDEX NUMBERS.
443 PRINT "AFTER EACH • ? • ,  ENTER THE CASE LABEL COMMA"
444 PRINT "THE VARIABLE LABEL COMMA THE CORRECTED VALUE:"
445 FOR P=1 TO N
446 INPUT A$> B$*V
447 REM BEGIN DETERMINING I F  INDICATED LABELS EXIST IN F ILE.
448 FOR 1 = 1 TO R
449 I F  NSC I ) =A$ THEN 4 5 4
450 MEXT I
451 REM PRINT ERROR MESSAGE.
95
45 2  GOSUB 7 0 0
453 GOTO 4 4 6
454 FOR J=1 TO C
455 I F  R $ ( J ) = B $  THEM 461
4 56  MEXT J
457 LET A$ = B$
458 REM PRINT ERROR MESSAGE
459 GOSUB 7 0 0
460 GOTO 4 4 6
461 REM PRINT OLD AMD MEW VALUES FOR SCORE.
462 PRINT N£< I )  "R$C J )  " VAS"X( I ,  J ) ",  MOV'V
4 6 3  LET X ( I i J )  = V
464 MEXT P
465 REM REBUILD FILE TO SAME DIMENSIONS BUT WITH SCORES CHANGED
46 6 REM AS DIRECTED.
467 LET 0 = 0 
465 GOTO 6 3 4
469 PRINT " t ? OF VARIABLES TO EE MULTIPLIED BY CONSTANTS?"
473 INPUT K 1
471 PRINT
472 P.EM DETERMINE I F  VARIABLE EXISTS IN FILE AND SAVE ITS INDEX N 
0.
473 I F  K 1 > 3 THEN 49 5
474 REM BEGIN ADDRESSING VARIABLES EY LABEL
475 PRINT "AFTER EACH • ? ' ,  ENTERA VARIABLE LABEL COMMA THE "
47 6 PRINT "CONSTANT BY WHICH IT I S  TO EE MULTIPLIED:"
477 FOR M= 1 TO K1
478 INPUT A $ ,K
479 REM DETERMINE I F  INDICATED VARIABLE EXISTS IN FILE  
430 REM AND SAVE ITS INDEX NUMBER.
481 FOR J=1 TO C
43 2 IF A S = R S ( J )  THEN 48 7
43 3 MEXT J
43 4 REM PRINT ERROR MESSAGE.
43 5 GOSUB 7 0 0
43 6 GOTO 478
437 FOR 1 = 1 TO R
433 I F  X C I , J ) = 3 E 3 3  THEN 4 9 0
439 LET X C I , J ) = X C I , J ) * K
490 MEXT I
491 NEXT M
*'192 REM REBUILD FILE TO SAME DIMENSIONS BUT WITH TRANSFERRED DATA 
•
493 LET 0 = 0
494 GOTO 6 34
4 95  REM BEGIN ADDRESSING VARIABLES BY INDEX NUMBER.
496 PRINT "AFTER EACH VARIABLE LABEL, ENTER THE CONSTANT"
497 PRINT "BY WHICH IT I S  TO BE MULTIPLIED:"
493 FOR J=1 TO C
499 PRINT RSCJ);
500 INPUT X
501 IF  K= 1 THEN 50 6
96
502 FOP 1=1 TO P
503 IF X C I , J ) = 3 E 3 3  THEN 5 05
m u LET X C I , J ) = X C I , J ) * K
505 NEXT I
506 NEXT J
507 PEN REBUILD FILE TO SAME DIMENSIONS BUT WITH TPANSFEPED
503 LET 0=0
509 GOTO 6 34
51 0 REM BEGIN SELECTING CASES ACCORDING TO THEIR SCORES AT
51 1 REM SPECIFIED VARIABLES.
51 2 LET 0 = 0 - 1 0
51 3 PRINT "ACCORDING TO THE VALUES AT VHI CH VARIABLE?"
51 4 INPUT AS
51 5 PP.I NT
51 6 FOR J=1 TO C
517 IF R$ ( J ) = AS THEN 521
518 MEXT J
519 GOSUB 7 0 0
520 GOTO 5 14
521 LET P=0
522 REM
523 GOTO 5 2 4 ,  5 3 0 ,  5 2 6 ,  523 ON 0
524 PRINT "ALL CASES VITH "AS" LESS THAN VHAT VALUE?"
525 GOTO 531
526 PRINT "ALL CASES WITH "AS" GREATER THAN ’■.’HAT VALUE?"
527 GOTO 531
523 PRINT "TYPE IN MINIMUM VALU E COMMA MAXIMUM VALUE FOR "AS
529 GOTO 5 33
530 PRINT "ALL CASES VITH "AS" EQUAL TO VHAT VALUE?"
531 INPUT V
532 GOTO 5 34
533 INPUT S,  L
534 PRINT
535 FOR 1=1 TO P
53 6 LET DSC I ) = ""
537 LET BC I ) = 0
533 REM SKIP BLANKS.
539 IF  X C I , J ) = 3 E 3 3  THEM 5 50
540 REM BEGIN COUNTING AMD SAVING LABELS FOR SELECTED SCORES
541 GOTO 5 4 2 ,  5 4 9 ,  5 4 4 ,  5 4 6  ON 0
54 2 IF  X C I , J X V  THEN 5 56
54 3 GOTO 5 50
544 IF X C I , J ) > V  THEM 5 56
54 5 GOTO 550
546 I F  X C I , J X = S  THEN 550
547 IF  XCI ,  J X L  THEN 55 6
543 GOTO 550
549 I F  X C I , J ) = V  THEN 5 5 6
550 NEXT I
551 IF  P = 0 THEM 5 5 4
552 PRINT "THERE ARE"P"CASES IN ' " F S " *  WHERE " J
553 GOTO 5 6 0 ,  5 6 6 ,  5 6 2 ,  5 6 4  ON 0
97
554 PRINT "NO CASES WITH REQUESTED VALUES FOR "AS" FOUND HERE"
555 GOTO 23
556 LET P=P+1
557 LET D $ (P )= M $ (  I )
553 LET B C P ) = X C I ,J )
559 GOTO 550
560 PRINT AS" < "V
561 GOTO 567
562 PRINT AS" > "V
563 GOTO 567
564 PRINT AS" L IES  BETWEEM" 5 " AMD"L
565 GOTO 567
566 PRINT AS" = "V
567 PRINT 
563 LET P3=P
569 PRINT "PRINT CASE LABELS?"
570 INPUT PS
571 PRINT
572 IF P$= "YES" THEN 577
573 PRINT "SAVE DATA?"
574 INPUT SS
57 5 IF SS= "NO" THEN 2 3
57 6 GOTO 53 5
577 REM BEGIN PRINTING INDEX NUMBERS AND LABELS FOR SELECTED CASES 
•
573 FOR 1=1 TO P3 STEP 3
579 PRINT USING 6 6 7 ,  I J D$( I ) J I + 1 J DSC I + 1 ) ,* I + 2,* DSC I + 2)
53 0 NEXT I
58 1 PRINT
5 2  PRINT "SAVE DATA?"
5 3  INPUT SS
53 4 IF S£= "NO" THEN 23
53 5 REM SPECIFY AMD OPEN OUTPUT FILE.
SS 6 GOSUB 71 7  
537 PRINT
533 PRINT "PRINT CASE LABELS?"
53 9 INPUT PS
590 IF P$= "NO" THEN 6 0 3
591 REM PRINT SUBFILE HEADING
592 GOSUE 630
59 3 PRINT
59 4 PRINT "WHERE "i
59 5 GOTO 59 6 ,  60 2 ,  5 9 3 ,  6 00  ON 0
59 6 PRINT AS" LESS THAN"V 
597 GOTO 6 04
593 PRINT AS" GREATER THAM"V
599 GOTO 6 0 4
600 PRINT AS" GREATER THAN"S"BUT LESS THAN"L
601 GOTO 60 4
60 2 PRINT AS" EQUAL TO"V
603 REM BEGIN BUILDING SUBFILE WITH ALL SCORES FOR SELECTED CASES.
98
604 PUT 2: P 3 ,  C
605 LET P=P + 1 5
606 PRINT
607 LET M= 1
608 FOP N=1 TO R
609 I F  DSC M) < >M $( N ) THEM 6 1 4
610 FOR Q= 1 TO C
611 PUT 2: X ( M, Q)
61 2 MEXT Q
61 3 I F  M = P3  THEN 61 6
614 LET M=M+1
615 MEXT M
61 6 FOP N= 1 TO C
617 PUT 2: RSCN)
618 NEXT N
619 FOR M= 1 TO P3
620 PUT 2: DSCM)
621 MEXT M
622 CLOSE 2
623 IF  P$= "MO" THEN 15
624 REM BEGIN PRINTING INDEX NUMBERS AMD LABELS OF ALL CASES CON-
625 REM TAIMED IN SUBFILE.
626 FOR M= 1 TO P3  STEP 3
627 PRINT USING 6 6 7 ,  Mi DSC M) ,* M+1 DSC M+1 ) J M+2i DS C M+2)
628 LET P=P+1
629 NEXT M





635 OPEN 1 ,  F S ,  OUTPUT
636 PUT 1: R, C
637 FOR 1 = 1 TO R
633 FOR J=1 TO C
639 PUT 1: X C I , J )
640 NEXT J
641 MEXT I
642 FOP. J=1 TO C
643 PUT 1 : RSCJ)
644 NEXT J
645 FOR 1 = 1 TO R
646 PUT 1 : NSC I )
647 NEXT I 
643 CLOSE 1
649 LET 0 = 0
650 OPEN 1, F S ,  INPUT
651 GET Is R, C
652 FOR 1=1 TO R
653 FOP. J=1 TO C




657 IF  0 = 2  THEM 28 
653 FOR J=1 TO C
659 GET 1: RSCJ)
660 MEXT J
661 FOR 1 = 1 TO R
662 GET 1 : NSC I )
663 MEXT I
664 IF 0 = 0  THEN 23  
66 5 IF 0=1 THEM 23  
666 GOTO 27
667 \  H H H . H H H H H H H H H H H H H H H H H H H H H • H H H H H H H H H H H H H H H H H H H H H  . H H H H H H H H
H H H H H H H H H H
663 :  H H H  = H H H H h H , H H # = H H H H H H , H H H = H H H H H H , H H H = H H H H H H j H H H  = H H H H H H , H
H H  = H H H H H H
669 :  H H H . H H H H H H H H H H H H H H H H H H - ■ H H H H H H H .  H H H H H % H H H H H H H H H H H H H H H H H H =
H H H H H H H . H H
670 REM
671 PRINT "NOTICE: ONLY INTEGERS < 1E7 ARE PRINTED!"
67 2 PRINT " - "
67 3 FOR 1=1 TO 9 
674 PRINT 
67 5 NEXT I
67 6 PRINT " * * * * * * * * * * * * * * * * * * * * * * * * * *  FILE " F S " * * * * * * * * * * * * * * * * * * *
^  ^  11
677 PRINT
673 PRINT " "C"VARIABLES AMD"R"CASES"
679 RETURN 
630 PRINT " - "
€ 3 1  FOR 1 = 1 TO 9
68 2 PRINT
68 3 MEXT I
684 PRINT " * * * * * * * * * * * * * * * * * * * * * SUBFILE '" O S " '  OF FILE ' " F S " ' * * * *
sfcsfc jfc jfc * *
63 5 PRINT
636 PRINT " "C"VARIAELES 0N"P3"CASES"
63 7 RETURN 
688 PRINT
€ 8 9  PRINT " * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * • *
690 IF  0<>1 THEN 69 2
691 I F  E$= "NO" THEM 23
69 2 LET P=P+ 2
693 FOR I = P  TO 67
694 IF  I < >6 5 THEN 69 6
695 PRINT " - "
69 6 PRINT








704 PRINT " . . .C O N T I N U E D  ON PAGE"P1+1
705 LET P=P+ 2
706 FOR Q=P TO 67




71 1 LET P=0




71 5 LET P=P+ 5
716 RETURN
717 PRINT
713 PRINT "NAME OF OUTPUT FIL E?"
719 INPUT 0$




SUBFILE IS:  59 MAY 1 7 ,  19 73
1 DIM XC 2 5 0 ,  2 0 ) ,  RSC 2 0 )  ,M$( 2 5 0 ) ,  A< 2 5 0 )  ,  B( 2 5 0 )
2 PRIMT "MEED DIRECTIONS?"
3 INPUT DS
4 PRINT
5 IF  D$= "NO" THEM 39
6 PRINT " THIS PROGRAM READS DATA FILES ESTABLISHED BY OTHER"
7 PRINT "PROGRAMS OF THE **EIODATA SEFI ESC WHICH SEE) AND CREATES"
3 PRINT "SUBSET FILES CONTAINING ONLY THOSE DATA THAT THE USER"
9 PRINT " S P E C I F I E S .  OPTIONS 2 , 3  £ 4  ALLOW THE USER WITH INCOMPLETE"
10 PRINT "DATA (SOME. DATA POINTS MISSING) TO MODIFY THE DATA FROM"
11 PRINT "A FILE SO THAT IT MAY BE READ BY ( 2 )  ***STATPACK UNIVARIATE"
12 PRINT "ANALYSES, ( 3 )  •*** STATPACK BIVARIATE ANALYSES, OR (A )  ANY"
13 PRIMT "MULTIVARIATE ANALYSIS PROGRAM, ALL OF WHICH OTHERWISE"
IA PRIMT "REQUIRE COMPLETE DATA MATRICES. OPTIONS ( 2 )  & C3) ALLOW"
15 PRIMT "THE USER TO ENTER FILES WITH MORE THAN THE * * *  STATPACK"
16 PRIMT "MAXIMUM OF 12 VARIABLES."
17 PRINT
13 PRIMT " CHOOSE FROM THE LIST  BELOW, THE OPTION YOU DESIRE:"
19 PRINT
20 PPIMT " 1 .  CREATE A SUBSET FILE CONTAINING ONLY SPECIFIED CASES"
21 PRINT " AMD SPECIFIED VARIABLES FROM THE SOURCE F I L E . "
22 PRIMT
23 PRINT " 2 .  MODIFY AN INCOMPLETE DATA MATRIX FROM A DATA FILE SUCH"
2A PRIMT " THAT IT CAN BE READ VARIABLE BY VARIABLE INTO * * * S T A T - ”
25 PRINT " PACK UNIVARIATE ANALYSES."
26 PRIMT
27 PRIMT " 3 .  MODIFY AM INCOMPLETE DATA MATRIX FROM A DATA FILE SUCH"
23 PRINT " THAT IT CAM BE READ VARIABLE PAIR BY VARIABLE PAIR "
29 PRINT " INTO ANY OF THE BIVARIATE ANALYSES OFFERED IN * * * S T A T - "
30 PRINT " PACK."
31 PRINT
32 PRINT " A. MODIFY AN INCOMPLETE DATA MATRIX FROM A DATA FILE SUCH ’
33 PRINT " THAT IT CAN EE READ BY ANY MULTIVARIATE ANALYSIS"
34 PRINT " PROGRAM."
35 PRINT
36 PRINT " 5 .  CREATE AM EXACT COPY OF ANY ROVS-BY-COLUMMS"
37 PRINT " DATA FILE OF ANY S I Z E . "
33 PRINT
39 PRINT "OPTION DESIRED?"
40 INPUT 0
41 PRINT
42 I F  0 = 5  THEN 233
43 GOSUB 320
44 PPIMT
45 GOTO 4 7 ,  1 5 0 , 1 9 2 , 2 4 3 ,  233 ON 0
46 GOTO 39
47 PRINT "H0V MANY CASES FROM • "F$"* APE TO BE INCLUDED IN , " 0 $ " , ?"
43 INPUT PI
49 PRINT
50 IF  R1 = R THEN 55
51 IF  R1 < 60 THEM 60
102
52 I F  P. 1< P. THEN 7 2
53 GOSUE 3 5 2
54 GOTO 47
55 FOP 1 = 1 TO R
56 LET AC I >=I
57 MEXT I
53 PRIMT-"ALL CASES FROM "FS" IN " O S " ."
5 9  GOTO 8 2
60 PRINT "AFTER THE • ? •  ENTER ALL THE INDEX NUMBERS FOR THE CASES,"
61 PRINT "SEPARATED BY COMMAS:"
62 MAT INPUT ACPI)
63 FOR 11 = 1 TO P.l
64 REM DETERMINE VALIDITY OF EACH NUMBER.
65 FOR 1 = 1 TO F,
66 IF AC I 1 > = I THEN 70
67 NEXT I
68 PRIMT "NO (S'"AC I 1 > "IN " F S " ! ! "
69  GOTO 60
70 MEXT I 1
71 GOTO 3 2
72 PRINT "AFTER EACH • ? •  ENTER THE INDEX NUMBER FOR ONE CASE: "
73 FOR M= 1 TO R1
74 PRINT M;
75 INPUT ACM)
76 REM DETERMINE VALIDITY OF EACH MUMEER.
77 FOR 1 = 1 TO R
73 IF AC M) = I THEN 3 1 
79 MEXT I
30 PRINT "NO VAC I V I M  " F S " ! ! "
31 NEXT M
32 PRINT
33 PRINT "HOV MANY VAP.IAELES ARE TO BE INCLUDED IN THE SUBFILE?"
84 INPUT Cl
35 PRIMT
36 IF C1 = C THEN 9 0
37 IF C1<C THEN 9 5 
83 GOSUB 3 5 2
89 GOTO 3 2
90 FOR J=1 TO C
91 LET BC J ) = J
92 MEXT J
93 PPIMT "ALL VARIABLES FROM "F$" IN "O S " ."
94 GOTO 114
95 PRI MT"AFTER THE • ? •  ENTER ALL THE INDEX NUMEERS FOR ALL"C1
96 PRINT "VARIABLES, SEPARATED BY COMMAS."
97 MAT INPUT BCC1)
93 REM DETERMINE VALIDITY OF EACH NUMBER.
99 FOR J l = l  TO Cl
100 FOR J=1 TO C
101 IF  BC J 1 ) = J THEN 105
102 MEXT J
103 PRINT "NO #"BC J 1 ) "IN " F S " ! ! "
103
104 GOTO 9 5
105 MEXT J1
106 REM PPIMT HEADIMG.
107 GOSUB 3 3 7
108 PRIMT
109 PRIMT " "Cl"VARIABLES AMD"R1"CASES"
110 PRIMT
11 1 PRIMT". . .  COMTAIMS THE FOLLOWING VARIABLES:"
112 REM BEGIM BUILDING OUTPUT FILE TO SPECIFIED DIMENSIONS, IMCLUDI
113 REM OMLY THE SCORES FOR INDICATED CASES AT INDICATED VARIABLES.
114 PUT 2: R1,C1
115 FOP 1=1 TO R
116 FOR M=1 TO R1
117 I F AC M) < > I THEM 1 24
113 FOP J=1 TO C
119 FOR M=1 TO Cl
120 IF D ( M X > J  THEM 1 22




125 M E< T I
126 FOR J = 1 TO C
127 FOR M=1 TO Cl
128 IF  B( I'J) < > J THEM 131
129 PUT 2: RSCJ)
130 PRIMT R S C J ) ,
131 MEXT M
132 MEXT- J ’
133 PRIMT
134 PRIMT
135 I F  R1 < R TH EM 133
136 PRINT " . . . A N D  ALL CASES FROM " F S " . "
137 GOTO 139
133 PRINT " . . . A M D  THE FOLLOWING CASES:"
139 FOR 1=1 TO R
140 FOR M=1 TO R1
141 IF  A C M ) < > I THEM 145
142 PUT 2: MSCI)
143 IF R1 = R THEM 1 45





149 GOTO 3 4 4
150 REM BEGIM BUILDING OME VARIABLE MATRICES FROM SOURCE FILE
151 REM AMD WRITING THEM SEQUENTIALLY ONTO OUTPUT F ILE.
152 GOSUE 337
153 PRIMT
154 PRIMT " THE INCOMPLETE DATA MATRIX IN FILE "FS" HAS BEEN CON-
155 PRIMT "DENSED INTO OME VARIABLE DATA STRINGS IN FILE "OS" AND"
104
156 PRINT "ALL BLAMX CODES HAVE BEEN REMOVED. THE VARIABLES MAY”
157 PRINT "NOV BE READ INTO ***STATPAC3< UNIVARIATE ANALYSES BY ANSWER-’
153 PRINT "ING ’Y E S ’ TO THE QUESTIONS ’NEW DATA?' AND ’READ F I L E ? ' . "
159 PRINT " RETAIN THIS PRINTOUT SHEET FOR FUTURE REFERENCE."
160 PRINT
161 PRINT "THE SEQUENCE OF VARIABLES READ FROM " 0 $ "  WILL BE:"
162 FOR J=1 TO C
163 LET N / P  =0
164 FOR 1=1 TO R
165 I F  X C I , J ) = 3 E 3 3  THEN 170
166 LET N=N + 1
167 REM DETERMINE I F  VARIABLE CONTAINS TOO MUCH DATA FOR STATPACX.
163 IF  N= 1S 1 THEN 174
169 LET A ( N ) = X ( I j J )
170 MEXT I
17 1 IF  M>l THEN 17 6
172 PRINT RSCJ)" CONTAINS INSUFFICIENT DATA FOR ANALY SI S . . . NOT STORED"
173 GOTO 190
174 LET N= 1 00
175 LET P=1
176 PUT 2: ’: 1 j  1
177 FOP. 1 = 1 TO M 
173 PUT 2: AC I )
179 NEXT I
13 0 PRINT USING 1 3 1 ,  J !  R$ C J ) J M 
13 1: u t t .  # # # # t u t # # a # # # h # # m t t t  
13 2 I F  P=0 THEN 190
13 3 PRINT "VALUES FOR • " R S C J ) " '  EEYOND 100  COUNT NOT STORED.”
134 PRINT "CASES EXCLUDED FROM FILE ARE LISTED BELOW:"
13 5 FOR 11 = 101 TO R
13 6 I F  XCI 1.» J ) = 3E33 THEN 133
13 7 PRINT I 1 ;




192 REM BEGIN BUILDING TWO VARIABLE MATRICES FROM ALL POSSIBLE
193 REM VARIABLE PAIRS FROM SOURCE FILE AND WRITING
194 REM THE MATRICES SEQUENTIALLY ONTO THE OUTPUT FILE.
195 GOSUB 3 3 7
196 PPIMT " THE DATA FROM FILE • " E S " ’ HAS BEEN MODIFIED SO THAT IT"
197 PRINT "CAM BE READ OME VARIABLE PAIR AT A TIME BY ANY BIVARIATE”
193 PRINT "STATISTICAL ANALYSIS PROGRAM ALLOWING FOR DATA FILE IN P U T ."
199 PRINT "ALL POSSIBLE VARIABLE PAIRS FROM * "F $ ’”  AND ALL COMPLETE"
200 PRINT "DATA PAIRS FROM EACH VARIABLE PAIR ARE INCLUDED IN , " 0 $ " , . "
201 PRINT "SIMPLY ANSWER ’ Y E S ’ TO THE QUESTIONS ’NEW DATA?’ AND 'READ"
202 PRINT " F I L E ? ’ AMD THE VARIABLE PAIRS WILL BE READ IN THE"
20 3 PRINT "FOLLOWING ORDER:"
204 LET K=0
205 PRINT
206 FOR J=1 TO C - l
207 FOR M=J +1 TO C
105
208 LET P= 0
209 FOP 1 = 1 TO P
210  I F  X C I , J ) = 3 E 3 3  THEM 2 1 7
211 I F  X C I , M )  = 3 E 3 3  THEM 2 1 7
212 LET N=M + 1
213  REM DETERMINE I F  VARIABLE PAI R HAS TOO MAMY PAI RS FOR STATPACX.  
21 A I F  M= 1 0 1 THEM 221
21 5 LET A C N ) = X C I , J )
216 LET B ( N > = X ( I , M )
217 MEXT I
218 I F  M> 1 THEM 2 2 3
219 PRI NT R S C J ) "  AMD "RSCM>" HAVE I MS I FFI CI EMT P A I R S . . . M O T  STORED"
220 GOTO 2 3 9
221 LET M= 10 0
2 22  LET P=1
2 23  PUT 2 :  Mi 2 
2 2 A LET K=K+ 1
2 2 5  FOR 1 = 1 TO M
226  PUT 2:  AC I ) , B ( I )
227 MEXT I
228 PRIMT USING 2 2 9 ,  K J R $ C J ) ; RSCM>; M
2 2 9 :  # # # ,  # # # # # # # # # # # # # # # # # §  AMD § # # ? , # # # # # # # $ # # # # # #  # # #  P AI RS
230 I F  P = 0  THEM 2 3 9
231 PRIMT "PAI RS BEYOND 1 0 0  COUNT I N " R S C J ) "  & "RSCM) " NOT STORED"
232  PRIMT "BUT ALL EXCLUDED CASES L I S T E D  BELOV: "
233 FOR 1 1 = 1 0 1  TO R
2 3 A I F  X C I 1 , J )  = 3 E 3 3  THEN 2 3 7
2 3 5  I F  X C I 1 , M)  = 3 E 3 3  THEM 2 3 7
2 3 6  PRIMT I 1 )
237 MECT I 1 
233 LET N = 0 
239 NEXT M 
2A0 PRIMT 
2A1 MEXT J  
2A2 GOTO 3 AA
2A3 REM BEGIM BUILDING SECOND F I L E  FROM FI RST BUT BY EXCLUDING
2AA REM ALL CASES WHICH CONTAIN AT LEAST ONE BLANK CODE.
2A5 GOSUB 3 3 7
2A6 LET K= 0
2A7 FOR 1 = 1 TO R
2A3 FOR J = 1  TO C
2A9 I F  X C I .» J  ) < > 3 E 3 3  THEN 2 5 5
250 REM SAVE INDEX NUMBERS OF THI S  CASE SO THAT I T MAY BE
251 REM EXCLUDED FROM OUTPUT F I L E .
25 2  LET K=K+ 1
253 LET AC K) = I 
2 5 A GOTO 2 5 6
255  NEXT J
2 5 6  MEXT I
257 LET R1=R- K
258 PUT 2:  R L C





















































•C'VARI ABLES 0N"R1 "CASES”
FOP. L= 1 TO ;<
REM SKIP CASES WITH BLANKS.
I F  ACL) = I THEN 2 6 7  
NEXT L
FOP J=1 TO C 
PUT 2: X C I , J )
NEXT J 
MEXT I






PRINT " FILE "OS" CONTAINS ALL VARIABLES FROM "FS" AND ALL 0 
PRIMT "THE CASES IN WHICH NO BLANK CODES WERE ENCOUNTERED. 
PRINT OS" MAY NOW EE ANALYZED BY ANY PROGRAM REQUIRING "
PRINT "COMPLETE DATA. CASE LABELS FROM "OS" ARE LISTED BELOW: 
FOR 1 = 1 TO P.
FOR L = 1 TO X
I F  AC L ) = I THEN 23 4
MEXT L
PUT 2: NSC I )




GOTO 3 4 4
REM BEGIM DUPLICATING SPECIFIED F IL E .












OPEN 2 ,  OS,  
GET 1: R, C 
2: P., C 
1=1 TO 
J=1 TO
F S ,  INPUT
’FS" CONTAIN A **BI  ODATA DIRECTORY OF LABELS?"











IF  E$= "NO 
FOR J=1 TO 
GET 1: RS 
PUT 2: RS 
NEXT J
TH EM 3 1 6
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312 FOP 1 = 1 TO R 
31 3 GET 1 : MS 
314 PUT 2: MS
31 5 NEXT I




320 PPIMT "NAME OF SOURCE FILE?"
321 INPUT FS
322 OPEN 1, FS,  INPUT
323 PRIMT
324 PPIMT "NAME OF SUBSET FILE?"
325 INPUT OS
326 OPEN 2 ,  0 $ ,  OUTPUT
327 GET 1: P., C
323 MAT GET 1: XCP,  C)
329 FOP J=1 TO C
330 GET 1: RSCJ)
331 M EX T J
332 FOR 1 = 1 TO R




337 PRINT "  TEAR HERE "
338 FOR 1 = 1 TO 10
339 PRINT
340 MEXT I




345 PRIMT " * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * *  
* * "
346 FOR 1 = 1 TO 10
347 IF  I <>4 THEM 349








BIGFILE 20:  33 MAY 1 7 ,  1 9 7 3
1 GOTO 2 ,  3 1 ,  5 7 ,  1 3 7 ,  3 3 6 , 4 9 2 , 4 9 4 ,  50 3 ON 0
2 DIM B ( 5 0 0 0 ) , A ( 1 0 0 ) , R $ ( 1 0 0 ) , A $ ( 1 0 0 ) , Q S ( 1 0 0 ) , E S ( 5 0 ) , C S ( 50)
3 PRIMT "MEED DIRECTIONS?"
4 INPUT D$
5 PRINT
6 I F  DS= "NO” THEM 28
7 PRIMT " THIS PROGRAM I S  A PART OF THE **B I  ODATA SERIES (WHICH
t f
8 PRIMT " S E E ) .  IT I S  SPECIFICALLY WRITTEN TO HANDLE THE SUBSETTI 
MG, "
9 PRINT "EDITING AND COMBINING OF LARGE DATA FILES WITH UP"
10 PRIMT "TO 5 0 0 0  CASES AMD 100 VARIABLES. THE FILES MUST HAVE T 
HE"
11 PRIMT "** 51 ODATA DATA STRUCTURE. EEFORE RUM NIM G THE PROGRAM,"
12 PRINT "YOU MUST HAVE ALLOCATED A SCRATCH FILE INTO WHICH THE"
13 PRIMT "BIODATA DIRECTORY WILL EE TEMPORARILY READ AMD STORED."
14 PRIMT "THE FOLLOWING OPTIONS ARE AVAILAELE: "
15 PRIMT
16 PRIMT " 1 .  CREATE A SECOND FILE CONTAINING A SUBSET OF THE D
ATA"
17 PPIMT " FROM A SOURCE FILE) I . E .  DATA FOR ONLY SPECIFIED
CASES"
13 PRIMT " AMD ONLY THOSE VARIABLES WHICH CONTAIN AT LEAST"
19 PRIMT " ONE SCORE FOR THE SELECTED CASES."
20 PRINT
21 PRINT " 2 .  SELECT CASES WITH SPECIFIED VALUES AT SPECIFIED"
22 PRINT " VARIABLES."
23 PRINT
24 PRINT " 3 .  COMBINE TWO OR MORE FILES INTO ONE MATRIX AMD"
25 PRIMT " PUT THE COMBINATION MATRIX INTO A THIRD F I L E , "
26 PRINT " COMBINING VARIABLES WHERE THEIR LABELS MATCH."
27 PRINT
28 PRINT "OPERATION DESIRED?"
29 INPUT 0
30 GOTO 3 1 ,  3 1 ,  3 3 6  ON 0
31 PRINT "INPUT FILE NAME?"
32 INPUT FS
33 OPEN 1 0 ,  F S ,  INPUT
34 PRINT "SCRATCH FILE NAME FOR LABELS?"
35 INPUT Y $
36 OPEN 1 2 ,  Y $ ,  OUTPUT
37 G ET 10:  R, C 
33 PRINT
39 PRINT C,* "VARIABLES (COLUMNS) AND",'R,'"CASES (ROWS)."
40 REM READ SOURCE FILE.
41 FOR P=1 TO P.*C
42 GET 10:  X
43 NEXT P
44 FOR J=1 TO C
45 GET 10:  R $ ( J )
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46 MEXT J
47 FOE 1 = 1 TO R 
43 GET 10:  M$




53 OP EM 1 2* Y$* IMPUT
54 GOTO 57* 13 7 OM 0
55 PRIMT
56 REM BEGIM COMBI MING F IL ES .
57 REM BEGIM REQUESTING CASES TO BE SELECTED FROM F IL E.
Si PRIMT "SPECIFY A FILE NAME TO CONTAIN THE SUBSET DATA:"
59 IMPUT OS
60 OPEN 2* OS, OUTPUT
61 PRINT
62 PRIMT "HOV MANY CASES FROM "FS" ARE TO BE INCLUDED IN " 0 $ " ? "
63 IMPUT R1
64 PRINT
65 IF  R1 > R THEM 62
66 IF  R1 = R THEN 70
67 I F  R1 < 1 THEM 62
68 I F  R1 = I M T ( R1 ) THEM 7 6
60 GOTO 62
70 REM SELECT ALL CASES FROM SOURCE F ILE.
71 FOR 1 = 1 TO P.
72 LET BC I ) = I
73 NEXT I
74 PRINT "ALL CASES FROM "FS" WILL BE PUT INTO FILE " 0 $ " . "
75 GOTO 103
76 IF  DS= "MO" THEN 90
77 PRINT
73 PRINT " AFTER EACH ' ? '  YOU ARE TO ENTER THE INDEX NUMBERS"
79 PRIMT "OF THE LOVER COMMA THE UPPER LIMIT OF THE CASES IN A"
80 PRINT "STRING OF CASES TO BE SELECTED. IF ONLY ONE CASE APPEA 
RS"
81 PRINT "IN A STRING* ENTER ITS INDEX FOR LOVER AND UPPER LIMITS
82 PRINT " FOR EXAMPLE* SUPPOSEYOU VI SH TO SELECT CASES AS FOL
LOVS:"
83 PRINT "3 THROUGH 12* 14* 16* 20 THROUGH 4 9 .  YOUR RESPONSES SH
OULD BE: "
84 PRIMT "? 3* 1 2"
85 PRINT "? 1 4* 14"
86 PRINT " ? 1 6 * 1 6 "
37 PRIMT "7 2 0 * 4 9 "
38 LET K= 1
89 PRINT "THE NUMBERS MUST BE IN CONTINUOUSLY ASCENDING ORDER."
90 PRINT
91 PRINT "NOV* ENTER THE INDEX NUMBERS:"
92 LET K=1
93 INPUT L 1 * L 2
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94 IF  L2<L 1 THEM >39
95 I F  L 1 < 1 THEM 78
96 IF  L2>R THEM 73
97 FOR I =L 1 TO L2  
93 LET EC K) = I
99 LET K=K+1
100 IF  K> R1 THEM 73
101 MEXT I
10 2 I F  K< Rl THEM 9 3
103 PRIMT
104 LET C1 = C
105 PRIMT "DELETE ALL BLAMK VARIABLES?”
10 6 IMPUT VS
107 I F  V$= "MO" THEM 144
108 REM DETERMI ME I F  AMY VARIABLES COMTAIM OMLY BLAMK CODES
109 REM AT REQUESTED CASES.
110 FOR K= 1 TO C 
It 1 LET AC K) = 0
11 2 MEXT X
113 L ET 11 = 1
114 RESET 10
115 G ET 10:  P . *  C
116 FOR 1 = 1 TO R
117 I F  BC I 1 ) >1 THEM 1 20 
113 LET 1 1 = 1 1 + 1
119 GOTO 124
120 FOR J= 1 TO C
121 GET 10:  X
122 MEXT J
123 GOTO 130
124 FOR J=1 TO C
125 GET 10:  X
126 IF  AC J )  >0 THEM 129
127 I F X= 3 E33 THEM 1 29




132 GET 10:  R, C
133 FOR K=1 TO R
134 I F  ACK) >0 THEM 1 39
135 REM THIS VARIABLE BLAMK AT ALL REQUESTED CASES AMD WILL MOT
136 REM BE WRITTEN OM OUTPUT F ILE.
137 LET R$C K ) = "MO DATA"
138 LET C1 = C1 -  1
139 MEXT K
140 PRIMT
141 PRIMT "PRIMT IMDEX TO FILE " 0 $ " ? "
142 IMPUT P$
143 IF  P$= "MO" THEM 1 46
144 GOSUB 4 9 4






















































PUT 2: R1,C1  
L ET 11 = 1 
FOR 1=1 TO R 
I F  EC I 1) >1 THEM 
LET 1 1 = 1 1 + 1  
FOR J=1 TO C 
GET 10:  X 
IF R$CJ)= ’
PUT 2: X 
MEXT J 
GOTO 160  
FOR J=1 TO 














I F  R S C J)= "MO 
PUT 2: RSCJ)
I F  P$= "MO" THEM 
PRIMT R SCJ) ,
MEXT J
IF  PS= "MO" THEM 
PRIMT 
PRIMT
PRIMT "AMD THE FOLLOWING CASES:
LET 11 = 1 
FOP. 1 = 1 TO 
GET 12:  MS 
IF EC I 1 ) > 1 
LET 1 1 = 1 1 + 1  
PUT 2: MS 






RESET 1 0 ,  12  
GET 10:  R, C 
REM EMD SUBSETTING 
GOTO 23
REM BEGIN EDIT ROUTINE.
PRINT "LIST EDIT OPTIONS?"
INPUT LS 
PRINT
IF LS= "NO" THEM 198
PRINT "SELECT ALL CASES ’•.'HOSE SCORES AT A SPECIFIED VARIABLE
II
PRINT " 1 .  LESS THAN A SPECIFIED VALUE,"
PRIMT " 2 .  EQUAL TO A SPECIFIED VALUE,"
PRINT " 3 .  GREATER THAN A SPECIFIED VALUE,"




193 PRIMT "EDIT OPTION DESIRED?"
199 IMPUT 0
200 RESET 1 0 , 1 2
201 PRINT
20 2 PRIMT "ACCORDING TO THE VALUES AT WHICH VARIABLE?"
20 3 IMPUT AS
20A PRIMT
20 5 REM DETERMINE I F  VARIABLE EXISTS AMD SAVE ITS INDEX NUMBER.
20 6 FOR J=1 TO C
207 IF RS ( J ) =A$ THEM 211
208 MEXT J
209 PRIMT "MO "AS" FOUND IM "F S" TRY A G A I N ! ! ! "
210 GOTO 2 03
21 1 LET R1 = 0 
21 2 REM
213 GOTO 2 1 4 ,  2 2 0 ,  21 6 , 2 1 8  ON 0
214 PRIMT "ALL CASES WITH "AS" LESS THAN VHAT VALUE?"
21 5 GOTO 221
216 PRIMT "ALL CASES WITH "AS" GREATER THAN WHAT VALUE?"
217 GOTO 221
218 PRIMT "ENTER LOVER BOUND COMMA UPPER BOUND FOR "A S" :"
219 GOTO 2 2 3
220 PRIMT "ALL CASES WITH "AS" EQUAL TO VHAT VALUE?"
221 IMPUT V
222 GOTO 2 2 4
223 IMPUT S,  L
224 PRIMT
225 FOR 1 = 1 TO R
226 LET BC I ) = 0
227 FOR J l  = l TO C 
223 GET 10: X
229 REM SKIP BLANKS.
230 IF  X= 3E 33  THEM 2 4 2
231 I F  J 1 < > J  THEM 24 2
232 REM BEG IM COUNTING AMD SAVING INDEX NUMBERS OF SELECTED CASES 
•
233 GOTO 2 3 4 ,  2 4 1 ,  2 3 6 , 2 3 8  OM 0
234 IF  X<V THEM 251 
23 5 GOTO 2 4 2
236 IF  X>V THEM 251
237 GOTO 2 4 2
238 IF  X< = S THEM 2 4 2
239 IF X<L THEM 251
240 GOTO 2 4 2




245 GET 10:  R, C
246 IF  Ri =0 THEM 249
247 PRINT "THERE ARE"R1"CASES IM • " F S " , WHERE "J
243 GOTO 2 5 4 ,  2 6 0 ,  2 5 6 ,  258  ON 0
249 PRINT "NO CASES WITH REQUESTED VALUES FOR "AS" FOUND HERE"
250 GOTO 197
251 LET R1 =R1 + 1
252 LET EC R1) = 1
253 GOTO 2 4 2
254 PRIMT AS" < "V
255 GOTO 261
256 PRINT AS" >"V
257 GOTO 261
253 PRINT AS" L IES  B ET VE EM" S "AM D"L
259 GOTO 261
260 PRINT AS" ="V
261 PRINT
262 PRIMT "PRINT CASE LABELS?"
263 INPUT PS
264 PRINT
265 IF PS= "YES" THEN 2 7 0
266 PRIMT "SAVE DATA?"
267 INPUT SS
268 I F  S$= "NO" THEN 197
269 GOTO 23 4
270 REM BEGIN PRINTING INDEX NUMBERS AND LABELS FOR SELECTED CASE 
S.
271 LET 11 = 1
272 FOR 1 = 1 TO R 
27 3 GET 1 2:  MS
274 I F  BC I 1 ) < > I THEN 2 7 7
27 5 PRIMT NS,





23 1 PRIMT "SAVE DATA?"
23 2 IMPUT SS
S 3  IF  SS= "NO" THEN 197
284 REM SPECIFY AND OPEN OUTPUT F I L E .
23 5 PRINT "NAME OF OUTPUT FILE?"
28 6 INPUT OS
28 7 LET C1 = C
S 3  OPEN 2 ,  OS, OUTPUT
£39 PRINT "PRINT INDEX TO DATA IN "OS"?"
290 IMPUT PS
291 I F  PS= "MO" THEN 3 0 4
29 2 GOSUB 49 4 
29 3 PRINT
29 4 PRIMT "WHERE ",*
29 5 GOTO 29 6 ,  3 0 2 , 2 9 8 ,  3 00  ON 0
296 PRINT AS" LESS THAN"V
297 GOTO 3 0 4
293 PRINT AS" GREATER THAN"V
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299 GOTO 3 0 4
300 PRINT A$" GREATER THAM,,S , ,BL)T LESS THAN"L 
. 301 GOTO 3 0 4  ,
302 PRINT AS" EQUAL TO"V
303 REM BEGIN BUILDING SUBFILE WITH ALL SCORES FOR SELECTED CASES 
•
304 PUT 2: Rl> Cl 
30 5 PRINT
30 6 LET M=1
30 7 FOR N=I TO R
308 FOR J=1 TO C
309 GET 10: A ( J >  .
310 NEXT J
311 IF  B( M) < >N THEN 3 1 7
31 2 FOR J=1 TO C
313 PUT 2: A(J>
314 NEXT J
315 LET M=M+ 1
316 IF  M= P. 1 THEM 318
317 NEXT N
318 FOR N= 1 TO C
319 PUT 2: RSCM)
320 NEXT M
321 LET M= 1
322 FOR M= 1 TO R
323 GET 12: MS
324 IF  B(M) < >N THEM 329
325 PUT 2: MS
326 LET M=M+ 1







334 REM END EDIT ROUTINE. '
335 GOTO 23
33 6  REM
337 PRINT "UHAT I S  THE NAME OF THE FIRST FILE?"
338 INPUT F$
339 OPEN 1,  FS.* INPUT .
340 REM GET VARIABLE LABELS FROM FIRST F ILE.
341 GET 1: R L C 1
342 FOR 11=1 TO R1
343 FOR J l  = l TO Cl
344 GET 1: X
345 NEXT J1
346 NEXT I 1
347 FOR J l  = l TO Cl





352 PRIMT "WHAT I S  THE NAME OF THE SECOND FILE?"
353 INPUT SS
354 OPEN 2 j  S S ,  INPUT
355 REM GET VARIABLE LABELS FROM SECOND FILE.
356 GET 2: R2,  C2
357 FOR 12=1 TO R2
358 FOR J 2= 1 TO C2
359 GET 2: X
360 NEXT J 2
361 NEXT 12
362 FOR J 2= 1 TO C2
363 GET 2s QSCJ2)
364 NEXT J 2
365 RESET 2
366 PRINT
367 PRINT "'THAT I S  THE NAME OF THE FILE INTO VHICH "SS" I S  TO BE
I I
363 PRINT "COMBINED WITH "F S"?"
369 INPUT C$
370 OPEN 3 ,  C$,  OUTPUT
371 LET C 5 , C 6 , C 7  = 0
37 2 FOR J l  = l TO Cl
37 3 FOR J 2= 1 TO C2
374 I F  R$(J1 ) < > Q S ( J 2 )  THEM 379  
37 5 LET C5= C5+ 1
376 LET AS C C5) =R$(  J 1 )
377 REM ASC) = VARIABLES FOUND IN BOTH FILES.
373 GOTO 33 3
379 NEXT J 2
330 LET C6= C6+ 1
331 LET BSC C6) =R$(  J 1 )
282 REM B S O  = VARIAELES FROM FIRST FILE NOT FOUND IN SECOND FI L
E.
33 3 NEXT J1
334 FOR J 2= 1 TO C2
33 5 FOP J 5= 1 TO C5
33 6 I F  ASC J 5 )  = Q$C J 2 )  THEM 391
33 7 NEXT J 5
338 LET C7= C7+ 1
33 9 LET CSC C7) =Q$( J2>
390 REM CSC) = VARIABLES FROM SECOND FILE NOT FOUND IN FIRST FILE
•
39 1 NEXT J 2
392 RESET 1
393 REM BEGIN WRITTIMG CASES FROM FIRST FILE ONTO OUTPUT F IL E.
39 4 GET 1 : R, C
395 PUT 3: R1+R2,  C5+C6+C7
396 FOR 11 = 1 TO R1
397 FOR J l  = l TO Cl 
393 GET 1: ACJ1)
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399 MEXT J1
400 REM FIRST,  PUT IN THE SCORES FOR THIS CASE AT THOSE VARIABLES
4 0 1  REM FOUND IN DOTH PARENT F I L E S .
4 0 2  FOR J 5= 1 TO C5
4 0 2  FOP. J l  = l TO Cl
404 I F  R$( J  1 ) < >A$C J 5) THEN 4 0 6
405 PUT 3: ACJ1)
40 6 NEXT J1 
407 NEXT J 5
403 REM SECOND, PUT IN THE SCORES FOR THIS CASE AT THOSE VARIABLE 
S
409 REM FOUND ONLY FIRST F IL E .
410 FOR J 6= 1 TO C6
41 1 FOR J l  = l TO Cl
412 I F  R$C J1 )<>B$C J6> THEM 4 1 4
413 PUT 3: A C J l )
414 NEXT J1 
41 5 NEXT J 6
416 REM THIRD, PUT IN BLANK CODES FOR THIS CASE AT ALL VARIABLES
417 REM FOUND ONLY IN SECOND F ILE.
418 FOR J 7  = 1 TO C7
419 PUT 3: 3E33
420 NEXT J 7
421 MEXT II
422 RESET 2
423 REM BEGIN WRITING CASES FROM SECOND FILE ONTO OUTPUT F IL E.
424 GET 2: R, C
425 FOR 12=1 TO R2
426 FOR J 2=1 TO C2
427 GET 2: AC J 2)
423 MEXT J 2
429 REM FIRST,  PUT IN THE SCORES FOR THIS CASE AT THOSE VARIABLE 
S
430 REM FOUND IN BOTH F I L E S .
431 FOR J 5=1 TO C5
4 3 2  FOR J 2 = I TO C2
433 IF  Q$C J 2 )  < >AS( J 5) THEN 4 3 5
434 PUT 3: AC J 2)
435 MEXT J 2
436  NEXT J 5
437 REM SECOND, PUT IN BLANK CODES IN FOR THIS CASE AT
433 REM THOSE VARIABLES FOUND ONLY IN FIRST F I L E .
439 FOR J 6 = l  TO C6
440 PUT 3: 3E3 3
441 NEXT J 6
4 4 2  REM THIRD, PUT IN SCORES FOR THIS CASE AT THOSE VARIABLES
443 REM FOUND ONLY IN SECOND F IL E .
444 FOR J 7=1 TO C7
44 5  FOR J 2= 1 TO C2
4 46  I F  QSC J 2 X > C $ C  J 7 )  THEN 443
447 PUT 3: AC J 2)
443 NEXT J 2
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449 MEXT J7
450 NEXT I 2
451 PRINT "VARIABLES FOUND IN BOTH "F$" AND "SS" ARE:"
452 FOR J 5=1 TO C5
453 PUT 3: A S ( J 5)
45 4  PRINT ASC J 5 ) »
455 NEXT J 5
456 PRINT
457 PRINT
458 I F  C6=0 THEN 4 6 6
459 PRINT "VARIABLES FOUND ONLY IN "FS" ARE:"
460 FOR J 6= 1 TO C6
461 PUT 3: BSC J 6)
462 PRINT BSC J 6 ) j
463 NEXT J 6
464 PRINT
465 PRINT
466  I F  07 = 0 THEN 4 7 4
467 PRINT "VARIABLES FOUND ONLY IN "SS" ARE:"
468 FOR J 7 = 1 TO C7
469 PUT 3: CSCJ7)
470 PRINT C S C J 7 ) ,
471 MEXT J 7
472 PRINT
473 REM BEGIN WRITING CASE LABELS FROM FIRST FILE INTO DIRECTORY.
474 FOR J l  = l TO Cl
47 5 GET 1 : R$
4 7 6  NEXT J1
477 FOR 11=1 TO R1
478 GET 1: MS
479 PUT 3: MS 
43 0 MEXT I 1
431 REM BEGIN WRITING CASE LABELS FROM SECOND FILE INTO DIRECTORY.
432  FOR J 2= 1 TO C2
48 3 GET 2: RS 
4 3  4  NEXT J 2
43 5 FOR 12=1 TO R2 
43 6 GET 2: MS 
4 3  7 PUT 3: MS
4 3 3  MEXT 12
4 3 9  CLOSE 1 j 2s 3
490 REM END FIL E  COMBINING ROUTINE.
491 GOTO 28
49 2 PRINT "YOU HAVE REQUESTED AN IMPOSSIBLE NUMBER--BE CAREFUL!!"  
49 3 RETURN
494 PRINT "- -T EA R H E R E--"
4 95  FOR 1=1 TO 10 
4 9  6  PRINT
4 ?  7 NEXT I
493 PRINT '’* * * * * * * * * * * * * * * * * S U B F I L E  "OS" OF FILE " F S " * * * * * * * * * * * * *  
* * * * * * *  "
499 PRINT




EATSTATE 2 2 :  23 MAY 1 7 ,  19 73
1 REM THIS PROGRAM I S  A PART OF THE ** BIO DATA SERIES (WHICH S E E ) .
2 DIM ASC 1 1 ) , C < 7 5 >
3 DATA " 0 " ,  "1 ",  "2 " ,  " 3 " ,  " 4 " ,  " 5 " ,  " 6 " ,  "7 " ,  "3 ",  " 9 " ,  "1 0 "
A FOR 1=1 TO 11
5 READ ASCI)
6 MEXT I
7 LET A$= ",  "
3 DIM XC 2 5 0 ,  2 0 )
9 PRIMT "MEED DIRECTIONS?"
10 INPUT D$
11 IF  DS= "MO" THEM 30
12 PRIMT
13 PRIMT " THIS PROGRAM MILL READ DATA FROM AMY DATA FILE AMD PUNCH’ 
1A PRINT "THE DATA OM TAPE IN THE FORM OF DATA STATEMENTS. THE TAPE"
15 PRIMT "CAM THEM BE READ INTO A PROGRAM WHICH REQUIRES ITS  INPUT IN'
16 PRIMT "THE FORM OF DATA STATEMENTS. YOU MAY SELECT THE PARTICULAR'
17 PRIMT "DATA STRUCTURE YOU DESIRE BY TYPING IN THE FORMAT OPTIONS"
18 PRIMT "CLISTED BELOW) IN THE SAME SEQUENCE AS YOU WISH THEM TO "
19 PRIMT "APPEAR OM THE TAPE. TO ENTER THE PUNCHED TAPE INTO THE "
20 PRIMT "DESIRED PROGRAM AS INPUT, SIMPLY START THE TAPE INTO THE"
21 PRIMT "TAPE READER BY MOVING THE LEVER TO ’MANUAL START’ . "
22 PRIMT
23 PRIMT " * *  DAT STATE ASSUMES THAT THE DATA FILE WHICH YOU WISH TO"
24 PRIMT "PUNCH OM TAPE HAS THE SAME STRUCTURE AS THOSE USED WITH "
25 PRIMT " * * *  5TATPACK, **RXCFILE,  AS WELL AS THE * *E I  ODATA SERIES,  OF'
26 PRIMT "WHICH THIS PROGRAM I S  A PART. THE DATA MATRIX MAY BE MO "
27 PRINT "LARGER THAN 250  ROWS AND 20 COLUMNS.
2S PRIMT " - - M O T E - -  DECIMAL VALUES PRINTED ONLY TO 2 D I G I T S "
29 PRIMT "INTEGRAL VALUES FOR DATA ARE PUNCHED."
30 PRIMT
31 IF  DS= "YES" THEN 3 5
32 PRINT "PRINT FORMAT OPTIONS?"
33 INPUT PS
34 IF PS= "NO” THEM 44
35 PRIMT " THE BELOW LISTED OPTIONS CAM BE SELECTED IN ANY SEQUENCE’
36 PRIMT "TO ESTABLISH THE DATA STRUCTURE OF YOUR TAPE:"
37 PRINT
33 PRIMT " 1 NUMBER OF ROWS C OBSERVATIOMS) "
39 PRIMT " 2 NUMBER OF COLUMNS C VARIABLES)"
40 PRINT " 3 DATA, ROW BY ROW"
41 PRINT " 4 DATA, COLUMN BY COLUMN”
42 PRIMT " 5 MUMEER OF DATA POINTS CR*C)"
43 PRIMT " 0 END OF DATA "
44 PRINT
45 IF  DS= "YES" THEN 48
46 PRINT "READY WITH • WID 2 5 5 ’ A &  'PUN ON’ ?"
47 GOTO 4 9




51 IF  WS = "YES" THEM 54
52 PRINT " YOU MUST NOW DO SO AMD RETURN TO RUN **DATSTATE AFTERWARDS."
53 STOP
54 PRIMT "NAME OF SOURCE FI LE?"
55 INPUT F$
56 OPEN 1,  F $ ,  INPUT
57 PRIMT
S3 IF D$= "YES" THEN 61
59 PRINT "PROGRAM NAME?"
60 GOTO 63
61 PRIMT "WHAT I S  THE NAME OF THE PROGRAM REQUIRING DATA STATEMENTS"
62 PRIMT "(INCLUDE ASTERISKS I F  APPROPRIATE)."
63 INPUT PS
64 GET 1: R, C
65 MAT GET 1 : X( R, C>
66 REM EEGIM REQUESTING DATA FORMAT OPTIONS.
67 FOR Z=1 TO 20 
63 PRINT
69 IF  D$= "YES" THEN 7 2
70 PRINT "OPTION # " Z
71 GOTO 73
72 PRIMT "WHICH OPTION I S  TO BE , i " Z
73 INPUT DC Z )
74 IF  D( Z ) = 0 THEN 73
75 NE<T Z
76 PRINT "TOO MANY OPTIONS SPECIFIED"
77 GOTO 67 
73 PRINT
79 PRINT "WHAT I S  TO BE THE LINE NUMBER OF THE FIRST DATA STATEMENT?"
80 INPUT LI
31 IF  D£= "NO" THEN 39
82 PRIMT
83 PRINT " AFTER THE PAUSE STATEMENT, DEPRESS THE 'ON' BUTTON ON ”
84 PRIMT "THE TAPE PUNCHER TO YOUR LEFT THEN DEPRESS THE ’HERE I S ’ "
35 PRINT "BUTTON TO YOUR RIGHT UNTIL A LEADER HAS BEEN FORMED. THEN"
86 PRINT "TURN THE PUNCHER OFF AND DEPRESS THE ’ RETURN’ BUTTON AND"
87 PRINT "IMMEDIATELY TURN THE PUNCHER BACK ON AGAIN."
38 PRINT "DO NOT BE ALARMED IF THE PRINT RUNS OFF THE P A G E ! ! ! "
89 PRIMT
90 PAUSE
91 PRINT "TAPE ALL"
92 PRINT "LOAD "PS""
93 PRINT "WIDTH 2 5 5 "
94 REM BEGIN PUNCHING DATA ON TAPE IN REQUESTED FORMAT
95 FOR M=1 TO Z
96 IF D < M) = 0 THEM 178
97 GOTO 9 9 ,  1 0 9 ,  1 1 9 ,  1 3 7 ,  1 68 ON DC M)
98 NEXT M
99 REM PUNCH IN THE NUMBER OF ROUS.
100 LET X = L 1
101 GOSUB 1 34
10 2 PRIMT ” DATA "I
i2d
103 LET D5= D5+ 6
104 LET X=R 
1 0 5 - GOSUB 1 34
106 PRINT
107 LET L 1 =L 1 + 1
108 GOTO 93
109 REM PUNCH IN THE NUMBER OF COLUMNS.
110 LET X = L 1 
11 1 GOSUB 134
112 PRINT " DATA ” 5
113 LET D5= D5+ 6
114 LET X=C
115 GO SUE 13 4
116 PRINT
117 LET L 1 =L 1 + 1 
113 GOTO 93
119 REM BEGIN PUNCHING IN MATRIX, ROV-EY-ROV.
120 FOR 1=1 TO R
121 LET X = L 1
122 GOSUB 1 84
123 PRIMT " DATA " J
124 LET D5= D5+ 6
125 FOR J=1 TO C - l
126 LET X = X C I , J )
127 GOSUB 1 84  
123 PRINT AS;
129 D5= D5+ 1
130 n e >:t  J
131 LET X=X( I ,  C)
132 GOSUB 13 4  
13 3 PRINT
134 LET L 1 =L 1 + 1
135 NEXT I
136 GOTO 93
137 REM BEGIN PUNCHING IN MATRIX, COLUMN-BY-COLUMN.
138 FOR J=1 TO C
139 LET X = L 1
140 GOSUB 184
141 PRINT " DATA
142 LET D5= D5+ 6
143 LET K=0
144 LET L 1 =L 1 + 1
145 FOR 1=1 TO R - l
146 LET K=X+ 1
147 LET X = X ( I , J )
143 GOSUB 13 4
149 REM DETERMINE IF  NEU STATEMENT SHOULD BE STARTED TO AVOID RETURN.
150 IF  K>20 THEN 159
151 PRIMT AS!
152 D5= D 5 + 1
153 NEXT I
154 LET X=X< R, J )
121
155 GOSUB 1 3 4
156 PRINT
157 MEXT J 
153 GOTO 93
159 REM BEGIN NEU DATA STATEMENT TO CONTINUE THIS COLUMN.
16L LET L 1= L 1+1
161 PRINT
162 LET X =L1
163 GOSUB 1 34
164 PRINT " DATA "J
165 LET D5= D5+ 6
166 LET X=0
167 GOTO 153
163 REM PUNCH MUMEER OF DATA POINTS.
169 LET X = L1
170 GOSUB 1 34
171 PRINT " DATA




176 LET L 1= L 1+1
177 GOTO 93
173 REM BEGIN ANALYSIS.
179 PRINT "UIDTH 7 2 ”
18 0 PRINT "RUM”
13 1 REM PRINT TAIL FOR TAPE.
13 2 PRINT "
18 3 STOP
134 REM THIS SUBROUTINE PRINTS NUMBERS IN A PACKED PRINT ZONE.
185 I F  X<>0 THEM 139
18 6 PRINT "0";
187 LET D5= D5+ 1 
183 RETURN
189 I F  X<>3E33  THEN 193
190 PRINT " 3 E 3 3 " ;
19 1 LET D5= D5+ 4 
19 2 RETURN
19 3 REM
194 X=X+ . 0 0 5
195 LET A=I N T(LG T(ABS(X) ) ) + l
19 6 REM A=NUMBER OF INTEGRAL DIGITS IN X .
197 LET D=ABS( X)
198 REM DETERMINE VALUE OF EACH DIGIT IN D, BEGINNING WITH FIRST DIG IT .
199 FOR 1 = 1 TO A
200 LET CCI > = INTC D/1 0 t  CA-I ) )
201 REM C( I ) = VALUE OF THE ’ I ’TH INTEGER OF X .
20 2 LET D=D-< < 10t  CA-I ) >* C (I  ) >
203 REM REMOVE THE ' I ' T H  INTEGRAL DIGIT OF X FROM D.
204 LET C ( I )  = C ( I )  + 1
205 NEXT I
206 REM BEGIN PRINTING DIGITS OF D IN MINIMAL PRINT ZONE.
207 I F  X> = 0 THEM 2 10
208 PRIMT ” !
209 LET D5= D5+ 1
210 IF  A>8 THEM 228  
21 1 FOR 1 = 1 TO A
21 2 PRIMT ASC C( I ) ) ;
213 LET D5= D5+ 1
214 MEXT I
215 I F  ABSCX-INTCX) )< . 0 2  THEM 2 4  5 
. 2 1 6  PRIMT
217 LET D5= D5+ 1
218 LET X=AES(X)
219 FOR 1 = 1 TO 2
220 LET D = C X -I M T C X ))* 1 0 rI  + . 0 0 0 0 1
221 I F  D=I NT ( D) THEM 2 2 4
222 IF ABSC D-IMTC D) X  . 0 0 0 0 2  THEM 2 24
223 NEXT I
224 LET A= I
225 LET D= ( X - 1 MT( X ) ) * 1 0 11 + 1 0 r ( - 1 )
226 LET X = 0
227 GOTO 199
228 PRIMT ASCCC 1 ) ) ;
229 LET D5= D5+ 1
230 PRIMT
231 LET D5= D5+ 1
232 FOR 1 = 2 TO 6
233 IF CCI)=1  THEM 2 3 5
234 GOTO 237  
23 5 MEXT I
236 GOTO 241
237 FOR 1 = 2 TO 6 
233 PRINT ASC CC I )
239 LET D5= D5+ 1
240 MEXT I
241 PRINT "E";
242 LET D5= D5+ 1

























































HEM THIS PROGRAM I S  A PART OF THE **BI ODATA SERIES (WHICH S E E ) .
DIM ASC 1 1 ) , CC 75)
DATA " 0 " ,  ” 1 " ,  " 2 " ,  " 3 " ,  " 4 " ,  " 5 " ,  " 6 " ,  " 7 " ,  " 3 " ,  "9 " ,  "10"
FOR 1=1 TO 11 





IF  DS= "MO" THEM 21 
PRINT
" THIS PROGRAM READS DATA FROM ANY DATA FILE AMD PUNCHES THE" 
"DATA ON TAPE SO THAT IT MAY BE RE-ENTERED INTO THE COMPUTER" 
"IN CASE THE DATA FILE IS  ACCIDENTLY DESTROYED. TO RE-ENTER" 
"THE DATA INTO THE COMPUTER, PLACE THE LEADER OF THE TAPE" 
"INTO THE TAPE READER AMD MOVE THE LEVER TO 'MANUAL START'" 
"THE PROGRAM MILL HANDLE UP TO 7 5  VARIABLES AND ANY NUMBER"
"OF CASES. DO MOT EE ALARMED SHOULD THE PRIMT RUN OFF"
"THE EDGE OF THE PAGE DURING EXECUTION."




YOU MUST NOV LEAVE THIS PROGRAM AMD DO SO. OTHERWISE," 
"THE TAPE YOU PUNCH WILL NOT BE READ PROPERLY UPON RE-ENTRY."  
"ALSO, MAKE SURE THE TAPE HAS A CLEAR LEADER BY TURNING THE" 
"TAPE PUNCHER 'ON' AND DEPRESSING THE 'HERE I S '  BUTTON ON THE’ 



























OPEN 1,  FS ,
GET 1: R, C 
RESET 1 
REM DETERMINE 
LET K= R* C / 5 00  
IF  K>4 THEN 4 6 
LET K=4 
GOTO 43
I F  K< 1 0 1 THEN 48 
LET K=99 
LET K=IMT(K)*1  
PRINT
I F  D$= "NO" THEN 54  
PRINT " NOW, AFTER




YOUR DATA FILE ESTABLISHED BY USING **B I  OFILE?'
OF FILE TO BE PUNCHED OM TAPE?"
I MPUT
SIZE OF FILE TO ASSURE SUFFICIENT SPACE ALLOCATION.
THE LINE WHICH BEGINS WITH 'PA U SE ',  YOU MUST
124
52 PRINT "DEPRESS THE ’ RETURN’ BUTTON ON
53 PRIMT "DEPRESS THE ’ ON’ BUTTON ON THE
54 PAUSE
55 REM PUNCH INSTRUCTIONS ON TAPE LEADER
56 PRINT "TAPE ALL"
57 LET X == K
58 PRINT " f i l e  " F $ ; a s ;
59 GOSUB 1 29
60 PRINT
61 PRINT "CLEAR"
62 PRIMT "MID 2 5 5 "
63 PRINT "ENTER BASIC"
64 REM PUNCH RE-ENTRY PROGRAM.
65 PRIMT "90 DIM X ( 1 0 0 ) "
66 PRIMT " 1 0 0  INPUT MS"
67 PRIMT " 1 1 0  INPUT FS"
63 PRINT " 1 2 0  OPEN 1,  FS,  OUTPUT"
65 PRINT " 1 3 0  INPUT R, C"
70 PRINT " 1 5 0  PUT 1: R, C"
71 PRINT " 1 6 0  FOR 1=1 TO R"
72 PRINT " 130  MAT INPUT XC C) "
73 PRINT " 1 3 5  FOR J=1 TO C"
74 PRINT " 1 9 0  PUT 1: XC J)"
75 PRIMT " 1 9 5  NEXT J "
76 PRINT " 2 1 0  NEXT I "
77 PRINT • 2 2 0  I F  M$= "NO" THEN 4 0 0  ’
78 PRINT " 2 3 0  FOR J=1 TO C"
79 PRIMT " 2 4 0  INPUT RS"
80 PRINT " 2 5 0  PUT Is RS"
81 PRIMT " 2 6 0  MEXT J "
82 PRINT " 2 7 0  FOR 1=1 TO R"
83 PRINT "23 0 INPUT MS"
84 PRINT " 2 9 0  PUT Is N$"
85 PRINT " 3 0 0  NEXT I "
36 PRINT " 4 0 0  CLOSE I"
37 PRIMT " 4 1 0  END"
83 PRINT "RUN"
89 REM BEGIN PUNCHING DATA.
90 PRINT m$;
91 PRINT f $;  ""
92 GET 1 : R, C
93 LET X = p.
94 GOSUB 1 29
95 PRINT a s ;
96 LET X = c
97 GOSUB 1 29
93 PRINT
99 LET D5 = 0
100 FOR I = 1 TO R
101 FOR J = 1 TO C
102 GET 1 s X
103 GOSUB 1 29
THE KEYBOARD AMD IMMEDIATELY" 
TAPE PRINTER TO YOUR L EF T."
125
104 I F  J=C THEM 110
10 5 PRIMT ASJ
106 LET D5= D5+ 1





11 2 PRIMT 
11 3 MEXT I
114 IF MS = "NO” THEM 123  
11 5 FOR J= 1 TO C
116 GET 1 : RS
117 PRIMT R $ ; " "
113 MEXT J
119 FOR 1 = 1 TO R
120 GET 1: MS
121 PRIMT MS;” "
122 ME<T I
123 CLOSE 1
12.4 PPIMT "LOCH "FS""




129 REM THIS SUBROUTINE PRINTS MUMBEPS IN A PACKED PRIMT ZONE.
130 IF X<>0 THEM 134
131 PRIMT "0"J
132 LET D5= D5+ 1
133 RETURN
134 I F  X<>3E33  THEM 133
135 PRIMT "3 E 3 3 " ;
136 LET D5= D5+ 4
137 RETURN 
133 REM
139 X=X+ . 0 0  5
140 LET A= INT(LGT<ABS(X) ) ) + 1
141 REM A=MUMSER OF INTEGRAL DIGITS IN X.
142 LET D=ABS(X)
143 REM DETERMINE VALUE OF EACH DIGIT IN D, BEGINNING WITH FIRST D IG IT.
144 FOR 1=1 TO A
145 LET C ( I ) = I M T ( D / 1 0 t ( A - I ) )
146 REM C( I ) =VALUE OF THE * I • TH INTEGER OF X .
147 LET D=D-C ( 1 0r CA-I ) )*CC I ) )
148 REM REMOVE THE • I • TH INTEGRAL DIGIT OF X FROM D.
149 LET C(I> = C ( I )  + 1
150 MEXT I
151 REM BEGIN PRINTING DIGITS OF D IN MINIMAL PRIMT ZONE.
152 I F  X> = 0 THEN 1 55
153 PRINT
154 LET D5= D5+ I
155 I F  A>3 THEN 1 73
156 FOR 1=1 TO A
157 PPINT ASC C ( 1> >;
158 LET D5= D5+ 1
159 MEXT I
160 I F  AESCX-INTCX )) < . 0 2  THEN 190
161 PRIMT
162 LET D5= D5+ 1
163 LET X=ABSCX)
164 FOR 1=1 TO 2
165 LET D = C X - I M T ( X ) ) * I 0 t I + . 0 0 0 0 1
166 IF  D=I MTC D) THEM 169
167 I F  ABSC D-IMTC D) X  . 0 0 0 0 2  THEM 169
168 MEXT I
169 LET A=I
170 LET D = ( X - I M T ( X ) ) * 1 0 t I + 1 0 T ( - I )
17 1 LET X = 0
172 GOTO 144
173 PRIMT ASC C C D ) ;
174 LET D5= D5+ 1
17 5 PRIMT
176 LET D5= D5+ 1
177 FOR 1 = 2 TO 6
173 IF  CC I > = 1 THEM 130
179 GOTO 13 2
130 MEXT I
13 1 GOTO 13 6
132 FOP 1 = 2 TO 6
18 3 PRIMT ASC CC I )  ) ;
134 LET D5= D5+ 1
13 5 NEXT I 
13 6 PRINT "E";
187 LET D5= D5+ 1 
183 LET X=A- 1 
139 GOTO 140
19 0 RETURN 
19 2 END
127
FREQPLOT 2 1 : 0 9  MAY 1 7 ,  19 73
1 DIM ASC 2 0 )
2 DATA "X",  " 2 " ,  " 3 " ,  "4 " ,  " 5 " ,  "6 " ,  "7 " ,  "3 ",  "9 " ,  "A", "B"« "C",  "D",  "E",  "F" 
, ” G", "H", "I " ,  "J " ,  "X",  "L"
3 FOP 1=1 TO 20
4 READ A S C I )
5 MEXT I
6 DIM F ( 8 0 O ) , V ( 3 0 0 ) ,  DC 3 0 0 )
7 DIM YC 2 0 0 0 ) . ,  P.SC30)
3 LET M9 = 9 . 9 9 9 9 9
9 PPIMT "MEED DIRECTIONS?"
10 IMPUT DS
11 IF  D$= "MO" THEM 30
12 PRIMT
13 PPIMT " THIS PROGRAM I S  A PART OF THE * *E I  ODATA SERIES C UHICH 
SEE) "
1A PRIMT "AMD MILL CALCULATE BASIC STATISTICS AMD PLOT A FREQUEMC 
Y"
15 PRIMT "DIAGRAM FOR. EACH VARIABLE IM A ROV-EY-ROV DATA FILE WITH 
UP"
16 PPINT "TO 2 0 0 0  DATA CASES AMD 3 0  VARIABLES. THE INTERVAL FOR T 
HE"
17 PRIMT "DIAGRAM I S  AUTOMATICALLY SET AT THE MINIMUM DIFFERENCE" 
13 PRIMT "EETVEEN AMY TVO CONSECUTIVE VALUE CLASSES, UNLESS THIS W 
OULD"
19 PRIMT "RESULT IM MORE THAN 40 INTERVALS, IN WHICH CASE THE"
20 PRIMT "RANGE OF THE PLOT I S  REDUCED TO 40 INTERVALS."
21 PPIMT " I F  THE USER REQUESTS TO PLOT ONLY SPECIFIC VARIABLES,"
22 PPINT "HE I S  PROVIDED WITH THE OPTION OF CONTROLLING THE PLOT"
23 PPINT "RANGE. PRINTED FOR EACH CLASS IM THE PLOT ARE THE"
24 PRIMT "FREQUENCY AMD THE PERCENT FREQUENCY AT THAT CLASS. "
25 PRIMT "AM 'X '  I S  PRINTED OM THE GRAPH TO REPRESENT EACH CASE"
26 PRINT "IM A CLASS UNLESS THE FREQUENCY FOR THAT CLASS I S  GREATE 
R"
27 PRIMT "THAN 5 0 ,  IN WHICH CASE A NUMERAL I S  PRINTED, ITS  VALUE" 
23 PPINT "EQUAL TO THE NUMBER OF CASES EACH CHARACTER REPRESENTS."
29 PRINT "THE PRINTED OUTPUT I S  IN A PAGE-BY PAGE FORMAT."
30 PRIMT
31 PRIMT "NAME OF INPUT FI LE?"
32 INPUT F$
33 IF F$= "F IN ISH " THEM 339
34 PPINT
35 LET P3= 1
36 LET P1 = 0
37 OPEN 1,  F S ,  INPUT 
33 G ET 1 : P., C
39 PRIMT "DO YOU WISH TO PLOT ALL VARIABLES SEQUENTIALLY?"
40 INPUT PS
41 PRIMT
42 IF P$= "YES" THEN 56
43 PRINT "WHICH VARIABLE?"
128
43 PRINT "NHICH VARIABLE?"
44 I MPUT A
45 PRIMT
46 PRINT "NAME FOR VARIAEL E"A
47 I NPUT RS( A)
43 PPIMT
49 PRIMT "DO YOU VI SH TO CONTROL THE RANGE OF THE
50 INPUT CS
51 I F  C$ = "HO" THEN 7 6
52 PRINT
53 PRINT "ENTER LOVER COMMA UPPER LIMITS OF RANGE:
54 INPUT L 5 ,  U5
55 GOTO 76
56 PPINT "VAC "FS" ESTABLISHED IN THE **BIODATA SERIES?"
57 INPUT BS
53 IF  ES= "NO" THEN 66
59 FOR 1 = 1 TO P.*C
60 GET 1 : X
61 NEXT I
62 REM (GET AMD SAVE VARIABLE LABELS FOR PRINTING HEADING ON GRAPH.
63 FOR J=1 TO C
64 GET 1: RSCJ)
65 NEXT J
66 PRIMT
67 IF D$= "YES” THEN 70
63 PRINT "FIRST VARIABLE t i l "
( 9  GOTO 71
70 PRINT "INDEX NUMBER OF FIRST VARIABLE TO EE PRINTED?"
71 INPUT A
72 IF A= 1 THEM 7 6
73 PRINT
74 PRINT "BEGINNING PAGE t i l "
75 INPUT P3
76 REMC BEGIN ANALYZING VARIABLES, ONE BY ONE.
77 PRIMT
73 FOR J=A TO C
79 LET T7 = 0
80 RESET 1
81 GET 1: R, C
32 LET F,  M, S I ,  S 2 ,  S3=0
33 LET R1 = 3 E 3 3
34 LET R2=-  3E33
85 LET K, Q=1
86 PEMCBEGIN COUNTING AND SAVING SCORES OF CASES IN VARIABLE ( J ) .
87 FOR 1=1 TO R
38 FOR J l  = l TO C
39 G ET 1 : X
90 I F  X= 3E33 THEN 1 02
91 I F  J 1 < > J  THEM 10 2
92 LET M= M + 1
93 LET YCN)=X
94 REM( BEGIN DETERMINING MAXIMUM AND MINIMUM SCORES FOR VARIABLE.
12?
95 IF YCM)>R.l THEN 9 7
96 LET R1=YCN)
97 IF Y ( N) < R2 THEM 99  
93 LET R2=YCU)
99 REMCEEGIM SUMMING X AND X*X
100 LET S 1 = S 1 +YCM)
101 LET S 2 = S 2 + Y ( N ) t 2
102 NEXT J1
103 NEXT I
10A IF M< 2 THEN 3 27 
10 5 LET M=S1/M 
10 6 PEM(M=MEAN
107 LET SI = S 1 t 2
108 LET D 9 = S 2 - ( S 1 / N )




113 LET V I = 1 0 0 +  S/M
114 REMC VI = COEFFI Cl ENT OF VARIATION.
115 LET E=S/SQRCM>
116 REMC E= STANDARD ERROR OF MEAN.
117 REMCEEGIM COUNTING THE NUMBER OF DIFFERENT VALUE CLASSES AMD 
113 REMC SAVE THE VALUE OF EACH.
119 LET R3= 3 E3 3
120 FOR 1=1 TO M
121 I F  YC I ) >R3  THEN 1 23
122 LET P3=YC I )
123 MEXT I
124 REMC DETERMINE I F ALL SCORES HAVE EE EM CONSIDERED YET.
125 I F R3= 3E33  THEN 1 42
126 LET FC K) = 0
127 LET VCX) = R3
123 IF K= 1 THEM 132
129 LET DCK- 1 ) = VCX ) - VC K- 1 >
130 REMCDCK-1)=THE DIFFERENCE BETWEEN CLASS K AND CLASS K - l
131 PEMC BEGIN DETERMINING THE FREQUENCY FOR EACH CLASS.
132 FOR 1=1 TO M
133 I F Y C I ) < > R 3  THEN 137
134 LET FCX) = FCK) + 1
135 REMC BLANK THIS SCORE OUT SO IT WILL MOT BE CONSIDERED AGAIN.
136 LET YC I ) = 3 E3 3
137 MEXT I
138 REMC FC K)=FREQUENCY FOR CLASS VCX) .
139 LET R3= 3E33
140 LET K=K+ 1
141 GOTO 119
142 LET K=K- 1
143 REMC K=NUMBER OF CLASSES.
144 LET D1 = 3E33
145 LET D 2 = - 3 E 3 3
130
146 FOR 1=1 TO K- l
147 I F DC I ) > D1 THEM 150
148 LET D1 = DC I )
149 REMCDl=SMALLEST DIFFEREMCE BETWEEN ANY TWO CONSECUTIVE CLASSES
150 I F  D C I X D 2  THEM 153
151 LET D2= DC I )
152 REMC D2=LARGEST DIFFEREMCE
153 NEXT I
154 LET VCK+1 ) = 3E33
155 LET I 1 = C V C X > -  V C 1 ) ) / D 1
156 LET I 1 = 1 MTC I 1 ) + 1
157 REMCI 1= M0 •  OF INTERVALS
158 LET M1 = VC 1 ) - D l / 2
159 REMCMl=LOVER LIMIT OF PLOT
160 LET M2= VC i<) + D1 / 2
161 REM C M 2= UPP ER LIMIT OF PLOT
162 REMCEEGIM DETERMINING HOW MANY DIGITS THE INTEGRAL PART OF THE
163 REMC LARGEST SCORE CONTAINS.  THIS ' F '  WILL DETERMINE HOW MANY S 
PACES
164 REMC THE GRAPH MUST BE PADDED TO THE RIGHT WHEN THE MINIMUM SCO 
RE
165 REMCHAS A SHORTER PACKED PRINT ZONE THAN THE LARGEST SCORE.
166 I F  ABSC M2) > 1 00*M9 THEN 169
167 LET F= 6 
163 GOTO 173
169 I F  ABSCM2) > 1 00B00*M9 THEN 172
170 LET F=9
171 GOTO 173
172 LET F= 1 2
173 LET E$= •■+"
174 LET ES=
175 LET F7.* F0= -  3 E33
176 LET S3 ,  S 4 , M 3 , M4  =0
177 REMCEEGIM COMPUTING MEDIAN AND MODE.
178 FOR 1 = 1 TO K
179 I F  T7>0 THEM 18 2
180 LET S3=S3+FCI  )*C CVC I ) - M)  t 3)
131 LET S4=S4+FC I ) * C CVC I ) -M) t 4)
182 I F  FC I ) /  C INTC FC I ) / 5 0 ) + 1 )< = F7 THEM 134  
133 LET F7 = FC I ) / C  INTC FC I ) / 5 0 )  + 1 )
18 4 I F  FC I ) < F0 THEM 19 5 
13 5 LET F0=FC I )
13 6 REMC F0=LARGEST OF FREQUENCIES 
18 7 LET M5= VC I )
133 REMC M5=VALUE OF LARGEST FREQUENCY 0F. MODE 
139 I F  F7>F0 THEN 19 5
190 I F  F0< 50 THEN 1 94
191 I F  F0/C INTC F 0 / 5 0 )  + l )< = F7 THEN 195
192 LET F7=F0/ C INTC F 0 / 5 0 )  + l )
193 GOTO 195
194 LET F7=F0
195 I F  T7>0 THEN 2 10
131
19 6 I F M4>0 THEN 210
197 FOR J l  = l TO FC I )
198 LET M3 = M3+ 1
199 I F M3<I'J/2 THEM 209
200 IF I N T C M / 2 X N / 2  THEM 2 0 3
201 LET M4=VCI)
202 GOTO 2 10
20 3 IF J l  = l THEM 20 6 
204 LET M4=VCI>
20 5 GOTO 2 10
206 LET M4= C VC I ) + VC I -  1 ) ) / 2
207 REMC M4= COUNTED AVERAGE OR MEDIAN
203 GOTO 2 10
209 MEXT J1
210 NEXT I
21 1 LET Y7=0
212 FOR 1 = 1 TO K
213 I F  F ( I X > F 0  THEM 2 1 5
214 LET Y7=Y7+ 1 
21 5 MEXT I
216 I F  Y7 < 2  THEN 213
217 LET M5=9 E70
213 LET S 5 =(  S 3 / M ) / (  St 3)
219 REMCS5 = ROUGH MEASURE OF SKEWNESS.
220 LET X3=C ( S 4 / N )  / (  St 4)  ) - 3
221 REM(K3=MEASURE OF XURTOSIS OR PEAKEDNESS.
222 IF F 0 < 1 0 0 0  THEN 2 2 4
223 LET F7= 50
224 LET Q=1
225 I F  T7= 0 THEM 227
226 GOTO 25 6
227 I F  P 1 =0 THEM 2 3 2
228 REMC DETERMINE I F MEW PAGE SHOULD BE STARTED FOR THE GRAPH.
229 I F  I 1 >41 THEN 231







237 I F  P1>0  THEM 240
233 PRIMT "FILE " F V ' j PAGE"P3
239 GOTO 241
240 PRINT
241 PRIMT " * * * * * * * * * * * * * * *  VARIABLE i?"J" ' "P.SC J )  " • " * * * * * * * * * * * * *
^  1 V
242 PRIMT
243 REMCEEGIM PRINTING STATISTICS FOR THE VARIABLE.
244 PRIMT USING 3 6 0 ,  NIK
245 PRINT USING 36I , R1 , *D1
246 PRIMT USING 3 6 2 ,  R2,* D2
132
247 PRINT USING 3 6 3 ,  F 0 J S 5  
2 4 3  PRINT USING 3 6 5 ,  M5; V
249 PRINT USING 366,M4,*S
250 PRINT USING 3 67,M,*E
251 PRINT USING 3 6 4 ,  R 2 - R 1 ; V1
252 PRINT USING 3 6 8 , K3
253 REM




258 LET P l = P l  + l
259 FOR 1 = 1 TO F 7 + C F - 3 )
260 PRINT " ",*
261 NEXT I
262 PRIMT "FREQ, %FREQ"
263 GOSUE 3 70
264 GOSUB 377
265 LET X 1,  F 1 = 0
266 LET 0=1
267 FOR P=M 1 TO M2 STEP D1 
263 LET P1=P1 + 1
269 REM (DETERMINE I F  THIS INTERVAL CONTAINS ANY SCORE CLASS.
270 LET X1=X1 + 1
271 IF IMTCVCC))>P+D1 THEN 3 12
272 I F INTCVC Q> ) <P- D1  THEN 310  
27 3 PRINT IMTCV( Q) ) ;
274 REMC DETERMINE MH ETHER OR NOT THE FIELD PRINTED SHOULD BE
275 REMC FOLLOWED BY EXTRA BLANKS.
27 6 I F F= 6 THEN 28 6
277 LET A1=IMT(LGT(ABS(  INTC VC Q ) +1 ) ) ) )
273 IF A 1 > F - 7  THEN 28 6
279 I F C F -  7 -  A 1 ) > 3 THEM 23 2 
230 LET A2= 3
28 1 GOTO 233  
28 2 LET A2= 6
28 3 FOR B= 1 TO A2 
23 4  PRINT " " S
23 5 MEXT E
236 REMCPRINT • + • FOR ALL INTERVAL COUNTS DI VI SI BLE BY 5 ,  OTHERWIS 
E
23 7 REMCPRINT
2 8 3  I F  XI / 5 < > I N T ( X l / 5 )  THEM 291 
239 PRINT BS;
29 0 GOTO 2 94  
29 1 PRINT ES;
2 9 2  REMC DETERMINE VHICH PRINT CHARACTER SHOULD EE USED FOR THIS  
29 3 REMC CLASS ACCORDING TO ITS FREQUENCY.
29 4 LET F3 = I MT C F C Q ) / C I M T ( F ( Q ) / 5 0 )  + l ) >
2 9  5  FOR 1 = 1 TO F3
29 6 PRINT A $ ( I N T ( F ( Q ) / 5 0 )  + l ) J
29 7 MEXT I
133
298 LET F 1 = C F C Q ) * 1 0 0 ) / M
299 LET F 1 = I NT C F 1+ C F 1 - 1NTC F 1 ) ) )
300 REMCFI=PERCENT FREQUENCY FOR THIS GRAPH.
301 REMC BEGIN PRINTING BLANKS SUFFICIENT TO PLACE THE PRINTING OF
30 2 REMC THE FREQUENCY AND % FREQUENCY JUST BEYOND THE TOP OF
303 REMC THE TALLEST GRAPH BAR.
304 FOR L 2= 1 TO F 7 - F 3
30 5 PRINT "
306 MEXT L2 _  ...
307 REMCPRINT THE FREQUENCY AND PERCENT FREQUENCY AT THIS CLASS
308 PPINT " "FCQ)JF1
309 REMC ADVANCE THE CLASS COUNTER BY ONE
310 LET Q = Q+ 1
311 GOTO 320
312 REMCPRINT NO NUMBERS AT THIS INTERVAL, ONLY SUFFICIENT BLANKS.
313 FOR 1 = 1 TO F
314 PRINT ” "I
31 5 MEXT I
316 I F  X 1/ 5 < > I  MTCX 1 / 5 >  THEN 319
317 PRIMT B $ ” "
313 GOTO 3 20




323 GOSUB 37 0
324 GOSUB 3 7 5
325 GOSUB 379
326 I F  P$= "NO" THEN 41
327 NEXT J 
323 STOP
329 I F CS= "YES" THEN 331
330 GOTO 3 3 4
331 LET R1 =L 5
332 LET R2=U5
333 GOTO 3 3 6
334 I F  I I  >41 THEN 33 6 
33 5 RETURN
336 LET T7=C R2-P.1 ) / 4 0
337 LET D1=T7
333 PRINT USING 3 6 9 ,  D1
339 LET P1=P1 + 1
340 LET Ml = P . l - T 7 / 2 - .  l * C T 7 / 2 )
341 LET M2=P.2+T7/2
342 LET K1,  Q= 1
343 LET J 7=M1
344 LET J 7  = J 7  + T7
345 I F  J 7 > M2 THEM 3 5 7
346 I F  ABSC J7-VC Q> ) > T 7 / 2  THEM 3 4 4
347 LET VC Q) = J 7
348 I F  Q= 1 THEN 3 55









































LET F ( K1 ) = F ( K1 ) + F ( Q) 
GOTO 35 5  
LET K1 = K1 + 1 
LET V(K1)=VCQ)
LET FC FC 1 )=F< Q)
LET Q=Q+l
GOTO 3 4 6
LET K = K  1
LET V( K+ 1 ) = 3 E33
GOTO 175
N......................
MINIM tJM. . .
MAXIMUM.. .
MAX FREQ. .
t t t t
t o t
t O O t m t t t t t
t t t t  i t  i t  t t t t t t
to o t m o o t 
a  m o u n t t t
tu t t t  t t  t t  t t  t t  
t t  to o t to o t 
to t  m o o t t t  
m o t m o t t t  
m o a t to r n . to t  





MO. OF CLASSES.................. tttO O O O O t
SMALLEST I MTERVAL . . • . t t .  t t  t t t t  # \  \  W
LARGEST INTERVAL  t t  t a t i t  t t t t  t t  .  t t t t
SKEWNESS................................... t t t t t t  t t t t  t t t t . t t t t
CO. OF VARIATION  t t t t  t t  t t  t t t t  # .  t t t t
VARIANCE................. .. ..............  t t . t O O O t W W
STD.  DEVIATION.................. t t t t  t t  t t t t  t t t t  . t t i
STD.  ERROR OF ME A N. . .  t t t t t t  t O t i t  i t .  t t t t
RANGE. . . . .
M O D E . . . . . .
MEDIAN. . . .
MEAN. . . . . .
XU RTOS I S . .
GRAPH ItJT.










FOR I=P1 TO 63
PRINT
NEXT I
PRINT " # ”J J R $ ( J ) ""
PRINT
LET P3 =P3 + 1 




EIOAMOVA 22:  53 MAY 17 /  1973
1 DIM X < 3 0 0 / 9 ) / RS<3 0 ) / N $ ( 4 5 0 > / Y ( 3 0 > / CC3 0 0 )
2 PRINT "NEED DIRECTIONS?"
3 INPUT D£
4 PRIMT
5 I F D$ = 'MO ' THEN 1 A
6 PRIMT " THIS PROGRAM SELECTS GROUPS OF SPECIFIED CASES FROM"
7 PRINT "SPECIFIED DATA FILES ESTABLISHED IN THE **BI  ODATA SERIES"
3 PRINT "AND COMPARES THE MEANS OF THESE GROUPS AT SPECIFIED VARIABLES."
9 PRINT "I F ONLY TWO GROUPS APE SPECIFIED/  A T-TEST I S  PERFORMED"
10 PRIMT "ALLOWING FOR DIFFERING SAMPLE SIZES AND SIMILAR VARIANCES."
11 PRINT "I F 3 OR MORE GROUPS/ A ONE-WAY COMPLETELY RANDOMIZED"
12 PRIMT "ANALYSIS OF VARIANCE I S  PERFORMED."
13 PRINT "YOU MUST HAVE ESTABLISHED A SCRATCH FILE CALLED 'WORK'."
14 OPEN 2/  "WORK"/ OUTPUT
15 LET XS = "ALREADY U S E D ! ! ! ! "
16 PRIMT "HOW MANY GROUPS?"
17 INPUT Ml
13 I F M1 < 1 0 THEN 21
19 PRINT "MOT MORE THAN 9 GROUPS/ P L E A S E . . . "
20 GOTO 16
21 PRINT
22 PRINT "DESCRIPTIVE NAME FOR FIRST GROUP?"
23 INPUT GS( 1 )
24 FOR J= 2 TO Ml
25 PPINT "GROUP f f "J
26 INPUT G S ( J )
27 MEXT J  
23 PPINT
29 PRINT "ARE ALL GROUPS TO COME FROM THE SAME FILE?"
30 INPUT SS
31 PRIMT
32 LET M=M 1
33 FOR P=1 TO Ml
34 I F S$= "MO" THEM 38
35 I F P>1 THEN 53
36 PRINT "FILE NAME?"
37 GOTO 39
33 PRINT "FROM WHICH FILE I S  GROUP 1 t " P "  TO COME?"
39 INPUT FS
40 OPEN 1/  FS/  INPUT
41 GET 1: R/C
42 PPIMT
43 PRINT R"CASES. • • "
44 FOR 1 = 1 TO R*C
45 GET 1: X
46 MEXT I
47 FOR J=1 TO C 
43 GET 1; R S ( J )
49 NEXT J
50 FOR 1=1 TO R
136
51 GET 1: NSC I )
52 NEXT I
53 OPEN 1* FS^ INPUT
54 GET 1: R* C
55 PRINT
56 PFIMT "SELECT GROUP"P"CASES BY ( 1 ) INDEX NUMBER OR BY C 2) FI L
57 INPUT S
58 PRINT
59 IF S= 1 TH EN 161
60 PRINT "AT HOW MANY VARIABLES DO YOU WISH TO FILTER?"
61 INPUT F
62 LET F 1 = 1
63 I F  F< 10 THEN 6 6
64 PRINT "NOT MORE THAN 9 FILTER VARIABLES.* PLEASE.  . . "
65 GOTO 53
66 FOR 1=1 TO F
67 PPINT
68 PRINT "NAME OF FILTERING VARIABLE # " I " ? "
€9 INPUT FSC I )
70 FOR J=1 TO C
71 I F  ESCJ)=FSC I ) THEM 75
72 MEXT J
73 PRINT "NO " F S C l ) "  FOUND IN " F S" .  TRY AGAI N! ! "
74 GOTO 67
75 LET FC I ) = J
76 PRINT
77 I F I>1 THEN 9 0
73 I F  P>1 THEN 9 0
79 FP.INT "FILTERING OPTIONS:"
80 IF D$= "NO" THEN 3 6
31 PRINT " 1 .  VARIABLE LESS THAN SPECIFIED VALUE* "
82 PRIMT " 2 .  VARIABLE EQUAL TO SPECIFIED VALUE*"
83 PRIMT " 3 .  VARIABLE GREATER THAN SPECIFIED VALUE*"
84 PRINT " 4 .  VARIABLE EQUAL TO OR BETWEEN TWO SPECIFIED VALUES-
85 GOTO 90
86 PRINT " 1 .  FILTER < X * "
37 PRINT " 2 .  FILTER = X*"
88 PRINT " 3 .  FILTER > X*"
89 PRINT " 4 .  X <= FILTER <= Y . "
90 PRIMT
91 PRIMT "WHICH FILTERING OPTION FOR "FSC I ) " ? "
92 INPUT OCI)
93 PRINT
94 GOTO 9 5 * 9 8 * 1 0  1 * 1 0 4  OM OCI)
95 PRIMT FSC I ) "  LESS THAN WAT VALUE?" \
96 INPUT VCI)
97 GOTO 1 0 6
98 PRINT FSC I ) "  EQUAL TO WAT VALUE?"
99 INPUT VC I )
100 GOTO 10 6
101 PRINT FSC I ) "  GREATER THAN WAT VALUE?"
102 INPUT V ( I )
137
103 GOTO 106
104 PRIMT "EMTER LOUER LIMIT COMMA UP
105 INPUT L( I ) , U ( I )
10 6 MEXT I
107 FOR 1=1 TO R
108 FOP J=1 TO C
109 GET 1: YCJ)
110 MEXT J
11 1 FOR 11 = 1 TO F
112 IF Y ( F ( I  1 > ) = 3E33  THEM 122
113 GOTO 1 2 5 ,  1 27.,  1 2 9 ,  1 31 OM 0 ( 1 1 )
11 A MEXT I 1
115 I F MS ( I ) < >X S THEM 119
116 PRIMT " 0 " I ; X $ " "
117 PPIMT "BEGIN SELECTIONS FOR GROUP 
113 GOTO 53
119 LET CC F 1 ) = I
120 LET F 1 =F 1 + 1
121 LET MS( I ) = XS
122 MEXT I
123 LET FI =F 1 -  1
124 GOTO 134
125 I F YC FC I 1 ) X V C I  1 ) TH EM 1 1 4
126 GOTO 122
127 I F YC FC I 1 ) ) =V(  I 1 > TH EM 1 14
123 GOTO 122
129 IF YC FCI 1 ) ) >V( I  1) TH EM 1 14
130 GOTO 122
131 IF YCFCI 1 ) ) < L ( I  1) TH EM 1 22
132 IF YC FC I 1 ) ) >UC I 1 ) TH EM 1 22
133 GOTO 114
134 I F  F 1 > 1 THEN 140
135 PRINT "INSUFFICIENT DATA IN "F$"
136 LET M=M-  1
137 CLOSE 1




142 PRINT " G R 0 U P " P " H A S " F 1 " C A S E S . "
143 GET 1: P., C
144 PUT 2s FS,  F 1 , C
145 FOP. J=1 TO C
146 PUT 2:  RSCJ)
147 MEXT J 
143 LET X=1
149 FOR 1=1 TO R
150 FOP J = l  TO C
151 GET 1: Y
152 I F  C ( X ) > I  THEN 1 54
153 PUT 2s Y
154 NEXT J
LIMIT FOR " F S C I ) " S "
f f ” P "  OVER A G A I N . . . "
SPECIFIED FILTERING CONDITIONS"
138
155 I F  CCX)>I THEM 153
156 I F  K=F 1 THEM 159
157 LET K=K+1 
153 NEXT I
159 CLOSE 1
160 GOTO 2 4 2
161 PRIMT "HOW MANY CASES FROM "F$" FOR GROUP #"P
162 INPUT 0
163 I F 0<1 THEM 166
164 I F 0 > R THEM 1 6 6
165 GOTO 163
166 GOSUB 3 6 2
167 GOTO 161 
163 PUT 2: FS
169 PUT 2: 0 , C
170 FOR J=1 TO C
171 PUT 2: RSCJ)
172 MEXT J
173 I F 0<P THEM 19 1
174 FOP 1=1 TO R
175 I F M S ( I ) < >X £ THEM 173
176 PRIMT ' T ' l J X S
177 GOTO 161 
173 MEXT I
179 FOR 1 = 1 TO R 
130 FOR J=1 TO C 
13 1 GET 1: X 
13 2 PUT 2:  X 
133 MEXT J 
13 4 LET M$C I )=XS
18 5 NEXT I
136 CLOSE 1
137 PRINT
183 PRIMT "ALL CASES FROM FILE "FS" IM GROUP"?
139 PRIMT
190 GOTO 2 4 2
191 PRINT
19 2 I F  P>1 THEM 207
193 IF D$= "NO" THEM 207
194 PRIMT " YOU MUST MOW SPECIFY THE CASES WHICH YOU WISH TO"
195 PRIMT "EE SELECTED FOR GROUP"P".  AFTER EACH •? • ENTER"
196 PRINT "THE INDEX NUMBERS FOR THE LOWER LIMIT COMMA THE "
197 PRIMT "UPPER LIMIT OF A STRING OF CASES TO BE SELECTED."
193 PRIMT "THE NUMBERS MUST BE IM A CONTINUOUSLY ASCENDING SEQUENCE."
199 PRINT "IN THE EVENT THAT ONLY ONE CASE I S  IN A STRING, ENTER"
200 PRIMT "I TS  NUMBER TWICE. FOR EXAMPLE, I F  YOU WISHED TO SELECT"
201 PRIMT "CASES 4 THROUGH 9 ,  1 4 ,  1 6 ,  AND 20 THROUGH 4 9 ,  YOU RESPONSES"
202  PRINT "SHOULD BE: "
20 3 PRINT " ? 4 ,  9 "
204 PRINT "? 1 4 ,  1 4"
20 5 PRINT "? 1 6 ,  1 6"
20 6 PRINT " 7 2 0 , 4 9 "
139
207 PRINT "MOV* BEGIN ENTERING THE INDEX NUMBERS:”
203 LET S = 0
209 LET !(= 1
210 INPUT L ( K ) i U ( K )
211 IF L C K) < 0 THEM 194  
21 2 I F  U C X) > R THEN 194
213 I F L C X ) > U ( X) THEN 1 94
214 LET S=S + UCX)-LCX) + 1
215 I F  S>0 THEN 194
216 FOP I = L C X) TO UCK)
217 IF NSC I ) < >X S THEN 221
218 PRINT " # " I J X S " "
219 PRINT "SPECIFY A RANGE EXCLUDING t t " l
220 GOTO 2 1 0
221 NEXT I
222 I F  S>0 THEN 194
223 I F  S=0 THEN 2 2 6
224 LET X=X+1
225 GOTO 2 1 0
226 LET F 1 = 1
227 FOP. 1 = 1 TO R
228 FOR J=1 TO C
229 G ET 1 : Y C J )
230 NEXT J
231 I F I <L ( F 1 > THEN 2 40
232 I F I >U( F 1) THEN 239
233 FOR J=1 TO C
234 PUT 2:  YCJ)
235 NEXT J
236 LET NSC I >=XS
237 I F  U C F D o I  THEN 2 4 0  
233 I F  F 1 = K THEM 241





244 OPEN 2 >  "WORX", INPUT
245 LET M=M 1
246 PRINT
247 PRINT "WHICH VARIABLE DO YOU WISH TO ANALYZE NOW?"
248 INPUT AS
249 LET A=0
250 FOR P=1 TO Ml
251 LET NC P) =0
252 GET 2: F S C P ) , R , C
253 FOR J=1 TO C
254 GET 2: P.SCJ)
255 NEXT J
256 FOR J=1  TO C
257 I F  R$ C J ) = AS THEN 268
258 NEXT J
259 PRINT "NO "AS" FOUND IN " F S C P ) " . "
260 LET M = M-  1
261 GOTO 2 44
262 FOR 1=1 TO R
263 FOR J=1 TO C
264 GET 2: X
265 NEXT J
266 NEXT I
267 GOTO 2*3 5
268 FOR 1=1 TO R
269 FOR 0=1 TO C
270 GET 2: X
271 I F  Q o J  THEN 27 6
27 2 I F  X = 3 E33 THEN 27 6
273 LET A=A+ 1
274 LET MCP-CM1-M) ) =M( P - ( M 1-M) ) + 1
275 LET X C N C P - ( M l - M ) ) , P ) = X
276 NEXT Q
277 NEXT I
273 I F  MCP-CM1 -M) ) > 2  THEN 28 4 
279 PRINT
230 PRINT "INSUFFICIENT DATA IN GR0 UP" PJ F$ ( P>"
231 LET A=A-MCP-CM1-M>)
232 LET M ( P -  ( M1 -  M) ) = 0
28 3 LET M=M-1
234 REM DUMMY FOR GOTO 
23 5 NEXT P 
23 6 RESET 2 
23 7 IF M> 1 THEN 29 1
233 PRINT
239 PRINT "INSUFFICIENT DATA IN VARIABLE "AS".  
290 GOTO 2 4 5
29 1 PRINT
29 2 I F  M= 2 THEN 3 6 4
29 3 PRINT
294 FOR 1 = 1 TO M
29 5 PRINT USING 29 6,  GSC I ) ; M( I )
296:  t t t t # #  i t #  #  § # # # #  H i t #  CASES
297 NEXT I
298 REM ANALYSIS ROUTINE ADOPTED FROM **STAT13
299 LET U,  R, V=0
30 0 FOR J = 1 TO M
301 LET S ( J ) , T C J ) = 0
30 2 FOR I = 1 TO NCJ)
303 LET T ( J )  = TCJ) + X C I , J >
304 LET SCJ) = SCJ) + XC I ,  J ) *X ( I J  )
30 5 NEXT I
306 LET U=U+T( J )
307 LET R=R+SCJ)
308 LET V = V + T ( J ) * T ( J ) / N < J )
309 NEXT J
310 LET C = U*U/ A
l.M>
311 LET 7  = V -  C 
31 2 L ET E = R -  V 
313 PRINT "AMOVA TABLE:”
31 A PRINT
315 PRINT "I TEM", "S S " ,  "DF",  "MS"
316 PRINT
317 PRINT "GRAND TOTAL'S R, A
318 PRINT "GRAND MEAN'S CL " 1"
319 PRINT "GROIJPS'S V, M- 1 ,  V/CM-1)
320 PRINT "ERROR", E,A-M,  E/CA-M)
321 PRINT
322 PRINT
323 LET F = C V / ( M - I ) ) / ( E / CA - M ) >
324 PRINT "F = "F"OM”M- 1 "AND"A-M"DEGREES OF FREEDOM."
325 LET G = F
326 LET M=A-M
327 LET M=M- 1
328 GO SUB 331
329 RESET 2
330 GOTO 2 4 5
331 REM THE SUBROUTINE FOR COMPUTATION OF THE F PROBABILITIES WAS
332 REM PROGRAMMED BY VICTOR E.  -MCGEE, PSYCHOLOGY DEPARTMENT, 6 4 6 - 2 7 7 1
333 REM DARTMOUTH.
334 LET P=1




339 GO TO 3 4 3
340 LET A=N
341 LET E=M 
34 2 LET F = l / G
343 LET A 1 = 2/C 9*A)
344 LET El = 2 / (  9 * E )
345 LET Z = AE S ( C1 - B 1 ) * F » C . 3 3 3 3 3 3 ) - l + A l )
346 LET Z = Z / S Q R ( E l * F t ( . 6 6 6 6 6 7 ) + A l )
347 I F B< 4 THEN 351
343 LET P=C1+Z*C . 1 9 6 8 5 4 + Z * (  . 1 1 5 1 9 4 + Z * (  . 0 0 0 3 4 4 + Z * . 0 1 9 5 2 7 ) ) > ) T4
349 LET P= • 5 / P
350 GO TO 3 53
351 LET Z = Z*(  l + . 0 3 * Z r  4 / B t  3)
352 GO TO 348
353 I F G< I THEM 3 55
354 GO TO 3 57
355 LET P= 1 - P
356 GO TO 357
357 PRINT
353 LET P = IHTC1 0 0 0 0 0 * ? ) / 1 0 0 0 0 0
359 PRINT "ECACT PROB. OF F="JG,*"VITH ( "MJ ",  "M; " ) D . F .  I S  P
360 PRINT
361 RETURN




365 PRINT " * * * * * * * * * * * * * * * * * * * * « * * * * * *  T TEST * * * * * * * * * * * * * * * * * * * * * * * * * *  
** * * "
366 REM FROM SIMPSON; ET AL; I9 60;  PI 7 6.
367 PRINT " COMPARISON OF »"GS< 1 ) ” * VITH ’ "G$C2) "
36-3 PRINT " AT "AS""
369 FOP J=1 TO 2
370 LET S CJ ) ;  S C J + 2 ) ;  SC J + 4)  = 0
371 FOP 1=1 TO MCJ)
37 2 LET SC J + 2 )  = SC J + 2)+XC I ;  J )
37 3 LET S C J + 4 ) = S C J + 4 ) + X C I ; J ) t 2 
37 4 MKT I
37 5 LET MC J ) = SC J + 2)  / MC J )
37 6 LET V C J ) = C S C J + 4 ) - C C S C J + 2 ) t 2 ) / N C J ) ) ) / C M C J ) - l )
37 7 NEXT J
373 LET D=MC 1 ) +HC 2 ) - 2
379 LET T=CMC 1 >-MC 2> >*SQF:C MC 1 )*UC 2>/CMC 1 )+MC 2)  > )
33 0 LET T=T/SQPC C C CMC 1 ) -  1 ) *VC 1 ) +C MC 2) -  1 ) *7C 2)  ) ) / D)
33 1 PRINT USING 33 4 
33 2 FOP J=1 TO 2
333 PRINT USING 3:3 5; GS C J ) J M C J ) ; MC J ) ;' VC J ) ;* SQRC VC J ) )
33 4: GROUP M MEAN VARIANCE STD.  DEV.
33 5: # # # # #  f t #  i t ## / ' ##  H i n t # #  t i l t #  # . / ? / ? ! ! ! !  // . * / / ! ! !  ! # . # # ! ! ! !
33 6 NEXT J
33 7 PRINT "T ="T"NI TH"D"D. F.  "
2 8  3 PRINT "EXACT PRO DA 131LI TY THAT MEANS ARE SAME 
339 LET M=D
39 0 LET M= 1 
39 1 LET G=T*T
2 9  2 LET P=1
39 3 I F G< 1 THEN 39 3 
39 4 LET A=M 
39 5 LET E=N 
39 6 LET F=G
39 7 GO TO 40 1 
393 LET A=N
399 LET B=M
400 LET F = l / G
401 LET A 1 = 2/C 9 * A)
40 2 LET B1 = 2/C 9 * E)
403 LET Z=ABSCC1- B 1 ) * F r C . 3 3 3 3 3 3 ) - l + A l )
404 LET Z=Z/SQPC El * F t  C . 6 6 6 6 6 7 )  +A1 )
40 5 IF E< 4 THEN 409
406 LET P=C1 +Z* C. 1 9 6 3 5 4 + Z * C . 1 1 5 1 9 4 + Z * C . 0 0 0 3 4 4 + Z * . 0 1 9 5 2 7 ) ) ) ) T4
407 LET P= . 5 / P
408 GO TO 411
409 LET Z = Z*C l + . 0 S * Z r 4 / B t  3)
410 GO TO 4 0 6
41 1 IF G< 1 THEN 41 3 
41 2 GOTO 4 1 4
41 3 LET P = l - P
414  PRINT IMTC 1 0 0 0 0 0  + P) /  1 0 0 0 0 0  




ALGORITHM, APPLICATION AND LISTING OF 
PROBOSCIS HOOK ANALYSIS PROGRAM
The p r i m a r y  o b j e c t  i n  t h e  d e v e lo p m en t  o f  t h i s  
p rogram was t o  p r o v i d e  a  s e n s i t i v e ,  o b j e c t i v e  means  by 
which  t h e  p a t t e r n s  o f  change  i n  hooks  a l o n g  t h e  a c a n t h o -
c e p h a l a n  p r o b o s c i s  c o u ld  be e n v i s i o n e d .  I t  was t h o u g h t
t h a t  i n  o r d e r  f o r  t h e  a l g o r i t h m  t o  be e f f e c t i v e  f o r  wide
s p r e a d  a p p l i c a t i o n  i t  s h o u ld  have  t h e  f o l l o w i n g  c h a r a c t e r ­
i s t i c s :
1.  I t s  u se  s h o u l d  be s i m p l e ,  r e q u i r i n g  a  minimum 
o f  i n v o l v e m e n t  and  i n t e r v e n t i o n  by t h e  u s e r ,
2.  I t  s h o u ld  be c a p a b l e  o f  d e m o n s t r a t i n g  c o n s i s t e n t  
s i m i l a r i t i e s  w i t h i n  a  p o p u l a t i o n  and c o n s i s t e n t  d i f f e r e n c e s  
be tw een  p o p u l a t i o n s ,
3.  I t  s h o u ld  a u t o m a t i c a l l y  e l i m i n a t e  e f f e c t s  due 
t o  d i f f e r e n c e s  i n  t h e  number  o f  hooks  p e r  l o n g i t u d i n a l  row 
and i n  hook s i z e  be tw een  p r o b o s c e s ,
4 .  The o u t p u t  s h o u ld  be i n  a s t a n d a r d i z e d  g r a p h i c a l  
d i s p l a y  such  t h a t  d i r e c t  c o m p a r i s o n s  be tw een  p o p u l a t i o n s  
can be made u s i n g  t h e i r  r e s p e c t i v e  p rogram  r e s u l t s .
A d i s c u s s i o n  o f  t h e  a l g o r i t h m  d e v e l o p e d  t o  m eet  
t h e s e  r e q u i r e m e n t s  f o l l o w s .
The f i r s t  s t e p  i n  an a n a l y s i s  i n v o l v e s  t h e  m easu rem en t  
o f  hooks  on r e p r e s e n t a t i v e  p r o b o s c e s .  At l e a s t  f i v e  p r o b o s c e s  
s h o u l d  be c h o se n  from eac h  p o p u l a t i o n ,  a l l  o f  t h e  same sex .
144
The d a t a  f o r  e ach  p o p u l a t i o n  must  be e n t e r e d  i n  s e p a r a t e  
r u n s  o f  t h e  p ro g r am ,  so s u b s e q u e n t  d i s c u s s i o n  r e f e r s  t o  
t h e  t r e a t m e n t  o f  any one o f  t h e  p o p u l a t i o n s .
The i n v e s t i g a t o r  must r e c o r d  f o r  e ac h  hook i n  one 
(1) l o n g i t u d i n a l  row on each  p r o b o s c i s ,  t h e  f o l l o w i n g  
ch a r a c  t e r i s t i c s i
1.  P o s i t i o n  number ,  a s  c o u n te d  from a n t e r i o r  t o  
p o s t e r i o r ,
2.  B lade  l e n g t h ,  a s  d e f i n e d  i n  F i g u r e  2 ,
3. Base l e n g t h ,  a s  d e f i n e d  i n  F i g u r e  2 .
T h i s  d a t a  f o r  a l l  p r o b o s c e s  i n  a  g i v e n  p o p u l a t i o n  
i s  p r e s e n t e d  t o  t h e  p rogram i n  t h e  form o f  d a t a  s t a t e m e n t s  
a s  p e r  i n s t r u c t i o n s  i n  t h e  p rogram  i n t r o d u c t i o n .
Upon e x e c u t i o n ,  t h e  p rogram  p r o c e s s e s  t h e  d a t a  
a c c o r d i n g  to  t h e  f o l l o w i n g  a l g o r i t h m *
1.  B lade  l e n g t h  (BLADE) and b a se  l e n g t h  (BASE) a r e  
m u l t i p l i e d  by t h e  m i c r o m e t e r  c o n s t a n t  and e x p r e s s e d  i n  m i c r o n s .
2.  A t h i r d  c h a r a c t e r ,  RATIO, i s  d e r i v e d  f o r  e ac h  hook 
a c c o r d i n g  t o  t h e  f o l l o w i n g  r e l a t i o n s h i p *
BASE * 1 0 0 .
BLADE
The e v a l u a t i o n  o f  t h i s  e x p r e s s i o n  w i l l  i n c r e a s e  a s  t h a t  
q u a l i t a t i v e  c h a r a c t e r i s t i c  a p p r o x im a te d  by t h e  word " r o b u s t n e s s "  
i n c r e a s e s  and w i l l  d e c r e a s e  a s  " s l e n d e r n e s s "  i n c r e a s e s ,
4 .  A f o u r t h  c h a r a c t e r ,  AREA, i s  d e r i v e d  f o r  e ach  
hook a c c o r d i n g  t o  t h e  f o l l o w i n g  r e l a t i o n s h i p *
BASE * BLADE.
2
The e v a l u a t i o n  o f  t h i s  e x p r e s s i o n  i s  e x p e c t e d  t o  v a r y  more 
o r  l e s s  d i r e c t l y  w i t h  t h e  a c t u a l  p r o f i l e  a r e a  o f  t h e  ho o k s .
5. F o r  each  o f  t h e  4 c h a r a c t e r s ,  BLADE, BASE, RATIO, 
and AREA, t h e  co m p u te r  f i n d s  t h e  hook w i t h  t h e  l a r g e s t  v a l u e  
on a  g i v e n  p r o b o s c i s  and d i v i d e s  t h e  v a l u e s  f o r  a l l  o t h e r  
hooks  on t h a t  p r o b o s c i s  by t h a t  maximum v a l u e .  I n  o t h e r  w o rd s ,  
t h e  v a l u e s  f o r  each  hook on a  p r o b o s c i s  a r e  t r a n s f o r m e d  from 
t h e i r  raw v a l u e  t o  p e r c e n t  maximum v a l u e  f o r  t h a t  p r o b o s c i s ,  
T h i s  e f f e c t i v e l y  e l i m i n a t e s  d i f f e r e n c e s  i n  hook s i z e  be tw een  
p r o b o s c e s  w h i l e  r e t a i n i n g  t h e  d i f f e r e n c e s  i n  hook s i z e  w i t h i n  
each  p r o b o s c i s .  Thus ,  BLADE f o r  t h e  l a r g e s t  hook on a  p r o ­
b o s c i s  i s  e x p r e s s e d  a s  100,  no m a t t e r  what i t s  o r i g i n a l  v a l u e ,  
and BLADE f o r  a l l  o t h e r  hooks  i s  e x p r e s s e d  a s  a  p e r c e n t a g e  o f  
t h a t  maximum v a l u e .
6.  The hook p o s i t i o n  number i s  t h e n  s t a n d a r d i z e d  
and e x p r e s s e d  a s  p e r c e n t  d i s t a n c e  a l o n g  t h e  p r o b o s c i s  
POSITION) a c c o r d i n g  t o  t h e  f o l l o w i n g  r e l a t i o n s h i p :
(Hook P o s i t i o n  N o .)  * 100.
(Hooks p e r  Row) + 1
7. At t h i s  p o i n t ,  t h e  c o m p u te r  p r i n t s  o u t  t h e  
o r i g i n a l  and s t a n d a r d i z e d  v a l u e s  f o r  t h e  hooks  on e ach  o f  
t h e  p r o b o s c e s .  A sample  p r i n t o u t  i s  p r o v i d e d  f o r  r e f e r e n c e  
a t  t h e  end o f  t h i s  d i s c u s s i o n .
8. A f t e r  a l l  p r o b o s c e s  have  been  p r o c e s s e d  i n  t h e  
above m anner ,  t h e  co m p u te r  lumps a l l  hooks  from t h e  p o p u l a t i o n  
t o g e t h e r  and r e o r d e r s  them a c c o r d i n g  t o  a s c e n d i n g  v a l u e s  o f  
s t a n d a r d i z e d  p o s i t i o n  number  (fo POSITION). I f  t h e  % MAX 
BLADE v a l u e s  f o r  a l l  hooks  i n  a  p o p u l a t i o n  were  p l o t t e d
l M
a g a i n s t  t h e i r  r e s p e c t i v e  $  POSITION v a l u e s ,  t h e  r e s u l t  would 
be s i m i l a r  t o  F i g u r e  B1.
9. N ex t ,  t h e  c o m p u te r  f i t s  a  c u rv e  t o  t h e  d a t a  f o r  
e ach  o f  t h e  f o u r  c h a r a c t e r s  by  a  10$ moving a v e r a g e  t e c h n i q u e .  
R e f e r  t o  t h e  g r a p h  i n  F i g u r e  B1. The c o m p u te r  b e g i n s  t h i s  
r o u t i n e  by c o n s i d e r i n g  a  10^  segment  o f  t h e  %> POSITION a x i s  
be low z e r o  and a d v a n c e s  t h i s  10$ segment  i n  1$ i n c r e m e n t s  
t o  beyond 100.  Each t i m e  t h e  10$ segm ent  i s  advanced  1$, 
t h e  c o m p u te r  d e t e r m i n e s  w h e t h e r  o r  n o t  new d a t a  p o i n t s  have  
e n t e r e d  t h e  segm ent  o r  o l d  d a t a  p o i n t s  have  been  l o s t  t o  t h e  
seg m en t .  I f  n o t ,  i t  a d v a n c e s  t h e  10$ segm ent  by a d d i t i o n a l  
i n c r e m e n t s  u n t i l  a  change  i n  t h e  d a t a  u n d e r  c o n s i d e r a t i o n  
o c c u r s .  I f  s o ,  t h e  c o m p u te r  c a l c u l a t e s  t h e  a r i t h m e t i c  mean 
f o r  $ POSITION and $  MAX BLADE, e t c . ,  from t h e  d a t a  w i t h i n  
t h a t  segment  b e f o r e  a d v a n c i n g  a n o t h e r  i n c r e m e n t ,  The r e s u l t ­
i n g  s e r i e s  o f  means so c a l c u l a t e d  d e s c r i b e  t h e  c o o r d i n a t e s  
o f  a  s e r i e s  o f  p o i n t s  a l o n g  a  l i n e  o f  " l e a s t  r e s i s t a n c e "  
t h r o u g h  t h e  d a t a  f o r  e a c h  c h a r a c t e r .  A f t e r  t h e  moving 
a v e r a g e  r o u t i n e  h a s  b e e n  c o m p le t e d ,  t h e  c o m p u te r  s o r t s  t h r o u g h  
t h e  r e s u l t i n g  m eans ,  f i n d s  t h e  l a r g e s t  mean f o r  e ach  c h a r a c t e r  
and e x p r e s s e s  a l l  means i n  t h a t  c h a r a c t e r  a s  p e r c e n t a g e s  o f  
i t s  maximum v a l u e .  The r e s u l t s  a r e  t h e n  p r i n t e d  o u t  a s  
" g ra p h  d a t a "  ( s e e  exam ple  on pp 1 5 3 -1 5 * 0 .
G raphs  p l o t t e d  from such  d a t a  e f f e c t i v e l y  r e p r e s e n t  an " a v e r a g e "  
o f  a l l  t h e  i n d e p e n d e n t  g r a p h s  f o r  a l l  t h e  p r o b o s c e s  i n  t h e  
p o p u l a t i o n  b e i n g  a n a l y z e d .  T h i s  method e l i m i n a t e s  t h e  
s u b j e c t i v i t y  i n v o l v e d  when an i n v e s t i g a t o r  a t t e m p t s  t o  f i t  a  
c u r v e  t o  d a t a  u s i n g  t h e  " e y e b a l l "  method o r  l e a s t  s q u a r e s
B L A D E  LENGTH
Anter ior








ftWKX. v s  ^POSITION
1— O
r e g r e s s i o n  m e th o d s .
10.  N ex t ,  t h e  co m p u te r  i d e n t i f i e s  t h e  p o s i t i o n  o f  
t h e  peak  f o r  e ach  c u r v e  by  c a l c u l a t i n g  t h e  a r i t h m e t i c  mean 
o f  a l l  % POSITION v a l u e s  where  i t s  Graph D a t a  r e a c h e s  a 
v a l u e  o f  100, A f t e r  t h i s  p e ak  h a s  been  l o c a t e d ,  an e s t i m a t e  
o f  t h e  r e l i a b i l i t y  o f  p r e d i c t i n g  t h e  peak  p o s i t i o n  i s  o b t a i n e d  
by s o r t i n g  back  t h r o u g h  t h e  % MAX d a t a  and s u b t r a c t i n g  from 
t h e  peak  p o s i t i o n ,  t h e  % POSITION v a l u e s  o f  e ach  hook w i th
% MAX v a l u e  o f  100. Then t h e  a v e r a g e  p o s i t i v e  and n e g a t i v e  
d e v i a t i o n s  a r e  c a l c u l a t e d  i n d i c a t i n g  a  ro ugh  c o n f i d e n c e  
i n t e r v a l  f o r  t h e  peak  p o s i t i o n  a s  v /e l l  a s  t h e  d i r e c t i o n  i n  
w hich  i t  i s  l i k e l y  t o  o c c u r  ( l a r g e r  a v e r a g e  d e v i a t i o n ) .
11.  The co m p u te r  t h e n  s o r t s  back  t h r o u g h  t h e  d a t a  
a g a i n  and com putes  t h e  mean v a l u e s  o f  a l l  f o u r  c h a r a c t e r s  
u s i n g  t h e  v a l u e s  o f  a l l  hooks  w i t h i n  + 5% o f  t h e  peak  p o s i t i o n  
a s  w e l l  a s  95% c o n f i d e n c e  i n t e r v a l s  f o r  t h e s e  means.
12.  The mean maximum v a l u e  w i t h  95% c o n f i d e n c e  
l i m i t s  and t h e  peak  p o s i t i o n  w i t h  a v e r a g e  + & -  d e v i a t i o n s  
a r e  t h e n  p r i n t e d  o u t  a s  shown i n  t h e  example  (p  152) .
With  t h i s  d a t a ,  t h e  i n v e s t i g a t o r  can  p r e d i c t  t h e  p o s i t i o n  on 
t h e  p r o b o s c i s  a t  which  t h e  l a r g e s t  hook i s  e x p e c t e d ,  he  h a s  
an e s t i m a t e  o f  t h e  m a rg in  o f  e r r o r  a s s o c i a t e d  w i t h  t h i s  p r e ­
d i c t i o n ,  and he can p r e d i c t  w i t h  95% c o n f i d e n c e ,  t h e  a c t u a l  
mean v a l u e  o f  t h e  ho o k s  which  w i l l  be  found  w i t h i n  5% o f  t h i s  
p e a k .
13. F i n a l l y ,  t h e  c o m p u te r  p r i n t s  a  c o m p o s i t e  g r a p h  
o f  a l l  f o u r  v a r i a b l e s  u s i n g  t h e  " g r a p h  d a t a "  i n  t h e  p r i n t o u t .
1^9
The r e s u l t i n g  g r a p h ,  such  a s  t h a t  shown i n  F i g u r e  B2 
d e p i c t s  t h e  s i m u l t a n e o u s  p a t t e r n s  o f  change  o f  a l l  f o u r  
hook c h a r a c t e r i s t i c s  a s  a  f u n c t i o n  o f  % POSITION. The 
i n d i v i d u a l  c u r v e s  a r e  coded a s  f o l l o w s i  BLADE = L,
BASE = B, RATIO = R, AREA = A. I n  t h e  e v e n t  t h a t  two o r  
more c u r v e s  s h o u l d  c o i n c i d e  a t  t h e  same p o i n t ,  t h e  l e t t e r  
p r i n t e d  a t  t h a t  p o i n t  i s  d e t e r m i n e d  by t h e  o r d e r  o f  p r e c e d e n c e  
i n  t h e  p r e v i o u s  s e n t e n c e .
A f t e r  a  number o f  such  g r a p h s  have  been  p r i n t e d ,  
t h e  i n v e s t i g a t o r  may t h e n  l i f t  t h e  c u r v e s  f o r  a  g i v e n  
c h a r a c t e r  from each  o f  t h e  g r a p h s  and t r a n s f e r  t h e  c u r v e s  
c o l l e c t i v e l y  t o  a n o t h e r  g r a p h  f o r  d i r e c t  c o m p a r i s o n s  o f  
t h e  p o p u l a t i o n s  w i t h  r e g a r d  t o  t h e  s i n g l e  c h a r a c t e r  i n  
q u e s t i o n .
I d e a l l y ,  t h e  c u r v e s  s h o u l d  be t r a n s f e r r e d  t o  a  s e t  o f  
c o o r d i n a t e s  d e s c r i b e d  by % POSITION on t h e  h o r i z o n t a l  a x i s  
and  m a g n i tu d e  o f  mean peak  v a l u e  on t h e  v e r t i c a l  a x i s .  Each 
i n d i v i d u a l  g r a p h  i s  t h e n  p l a c e d  so t h a t  i t s  peak  p o s i t i o n  i s  
a l i g n e d  on t h e  h o r i z o n t a l  a x i s  and i t s  p e ak  v a l u e  i s  a l i g n e d  
on t h e  v e r t i c a l  a x i s  a s  i s  shown i n  F i g u r e  B3.
The c o n f i d e n c e  l i m i t s  can  t h e n  be drawn on t h e  g r a p h  
t o  i n d i c a t e  s i g n i f i c a n c e  o f  s e p a r a t i o n s .
Figure B2 
Sample Hook P attern Graph
A 
t
e i > o t




SAMPLE HOOK ANALYSIS PRINTOUT
15 0. 3M
HK POS BLADE %M AX BASE %M AX RATIO %M AX AREA %M AX
1 7 5 8 .  0 8 1 1 1 . 6 71 2 0 .  0 69 3 3 6 58
2 1A 7 1 . 9 100 16.  2 100 2 2 .  6 77 5 8 3 100
3 21 6 9 .  6 97 16.  2 100 . 2 3 .  3 8 0 5 6 5 97
A 29 6 9 .  6 97 16.  2 1 00 2 3 .  3 8 0 5 6 5 97
5 36 6 7 .  3 9 A 16.  2 100 2 A. 1 8 3 5A6 9 A
6 A3 6 0.  3 8 A 16.  2 100 2 6 . 9 9 2 A89 8A
7 5 0 5 8 .  0 81 15.  1 9 3 2 6 .  0 89 A37 75
8 57 5 8 .  0 8 1 16 .  2 1 00 2 8 .  0 9 6 A70 8 1
9 6A 5 5 .  7 77 16.  2 1 00 2 9 .  2 1 00 A52 77
10 7 1 5 3 .  A 7A 15.  1 9 3 2 8 .  3 9 7 A02 69
1 1 7 9 5 3 .  A 7A 1 A. A 89 2 7 .  0 9 2 3 8 3 66
12 8 6 5 1 . 0 7 1 9 .  3 57 18.  2 62 2 3 6 A 1
13 9 3 AA. 1 61 5 .  8 36 13 .  2 A5 127 22
15 0 .  AM
HK POS BLADE %M AX BASE %M AX RATIO %MAX AREA %MAX
1 7 6 0 .  3 79 1 1. 6 62 19.  2 6 0 3A9 52
2 1A 7 1 . 9 9 A 15.  1 8 1 2 1 . 0 6 6 5A2 81
3 21 7 6 .  6 1 00 16.  2 87 2 1 . 2 66 621 9 3
A 29 7 1 . 9 9 A 18.  6 100 2 5 .  8 8 1 6 6 7 1 00
5 36 7 1 . 9 9 A 1 8 . 6 100 2 5 .  8 8 1 6 67 100
6 A3 6 9 .  6 91 18.  6 1 00 2 6 .  7 8 3 6A5 97
7 5 0 6 5 .  0 8 5 17.  A 9A 2 6.  8 8 A 5 6 5 85
8 57 6 5 .  0 85 1 8 . 6 100 2 8 .  6 89 602 9 0
9 6A 5 8 .  0 76 18.  6 100 3 2 .  0 100 5 3 8 8 1
10 7 1 5 8 .  0 76 17.  A 9 A 3 0 .  0 9 A 50A 76
1 1 79 5A.  5 71 17.  A 9 A 3 1 . 9 1 00 A7A 71
12 86 5 1 . 0 67 15.  1 81 2 9 .  5 9 2 38 A 58
1 3 9 3 5 8 .  0 76 1 1 . 6 6 2 2 0 .  0 63 3 3 6 5 0
15 0 .  5M
HK POS BLADE %M AX BASE %MAX RATIO %MAX AREA 7.MAX
1 7 7 1 . 9 9 5 10.  A 6 0 1A. 5 A8 3 7 5 57
2 13 7 A. 2 98 15.  1 87 2 0 .  3 67 5 5 9 8 5
3 20 7 5 .  A 1 00 17 .  A 1 00 2 3 .  1 76 6 5 5 100
A 27 7A.  2 98 16.  2 9 3 2 1 . 9 72 6 0 2 9 2
5 33 6 9 .  6 9 2 16.  2 9 3 2 3 .  3 77 5 6 5 8 6
6 A 0 6 9 .  6 9 2 16.  2 9 3 2 3 .  3 77 5 6 5 8 6
7 A7 6 5 .  0 86 16.  2 9 3 2 5 .  0 8 2 5 2 7 8 0
8 5 3 6 0 .  3 8 0 15.  1 87 2 5 .  0 8 2 A5A 69
9 6 0 6 0 .  3 8 0 16 .  2 9 3 2 6 .  9 8 8 A89 75
10 67 5 8 .  0 77 16.  2 9 3 2 8 .  0 9 2 A70 72
1 1 7 3 5 8 .  0 77 16.  2 9 3 2 8 .  0 9 2 A70 72
12 8 0 5 3 .  A 7 1 16.  2 9 3 3 0 .  A 100 A33 66
13 87 5 5 . 7 7A 15.  1 8 7 2 7 .  1 89 A 19 6A
1A 9 3 5 3 .  A 71 9 .  3 53 17.  A 57 2A7 38
153
HK
j5 0» 7M 
POS BLADE %M AX BASE %M AX RATIO %MAX AREA %MAX
1 7 5 8 .  0 8 6 1 1 . 6 6 2 2 0 .  0 58 3 3 6 62
2 14 6 7 .  3 1 00 16.  2 87 2 4 .  1 69 5 4 6 1 00
3 21 6 7 .  3 100 16.  2 87 2 4 .  1 69 5 4 6 100
4 29 6 7 .  3 1 00 16.  2 87 2 4 .  1 69 5 4 6 100
5 36 6 2 .  6 9 3 16.  2 87 2 5 .  9 75 5 08 93
6 4 3 6 2 .  6 9 3 16.  2 87 2 5 .  9 75 5 08 9 3
7 5 0 6 0 .  3 9 0 17.  4 94 2 8 .  8 8 3 5 2 4 9 6
8 57 6 0 .  3 9 0 1 7 . 4 9 4 28 .  8 8 3 5 2 4 9 6
9 64 5 8 .  0 86 18.  6 1 00 3 2 .  0 9 2 5 38 99
10 71 5 3 .  4 79 18.  6 1 00 3 4 . 8 1 00 4 9 5 91
1 1 79 5 3 .  4 79 16.  2 87 3 0 .  4 8 7 4 3 3 79
12 86 5 1 . 0 76 9 .  3 5 0 18.  2 5 2 2 3 6 4 3
13 9 3 4 8 .  7 72 8 .  1 4 4 16.  7 4 8 197 36
GRAPH DATA
HOOK BLADE BASE RATIO AREA
7 9 6 61 5 0 58
8 89 69 6 3 6 4
1 1 9 3 78 67 76
14 99 9 1 7 3 9 4
15 99 9 3 74 9 5
18 1 00 93 74 9 7
21 1 00 96 76 1 00
22 1 00 95 76 98
25 99 9 6 77 99
28 98 97 79 99
29 97 97 79 97
32 9 6 97 8 0 9 7
35 9 4 97 82 9 5
36 9 4 97 82 9 4
39 9 3 97 8 3 9 4
42 9 1 97 85 9 2
4 3 9 0 97 85 9 0
46 88 9 6 88 89
49 87 9 6 89 8 6
5 0 35 9 4 88 8 3
51 85 94 89 8 3
5 4 8 6 97 91 8 7
57 8 4 97 9 2 8 4
58 85 99 9 3 88
61 8 3 100 97 88
6 4 8 0 99 98 8 3
65 8 0 100 100 8 4
15^
61 8 3 100 97 88
6 4 8 1. 101 1 02 85
65 81 102 104 86
68 8 0 101 1 04 85
7 1 78 97 99 78
7 2  . 78 97 1 00 79
75 77 95 99 77
78 75 93 98 72
79 75 9 3 99 72
8 2 7 4 8 1 88 62
85 7 3 76 8 2 55
86 7 3 7 0 77 53
89 7 2 61 . 67  . 46
9 2 7 2 57 6 3 4 3
9 3 71 5 0 55 38
HF15 0M
MAXIMA
BLADE = 7 2 .  2 ( 6 5 .  1 TO 7 9 .  3)  ( S .  D. = 4 . 5 ) AT 2 0.  3 ( 16.  2
2 3 .  8 )
BASE = 17.  2 ( 15.  6 TO 18.  7 )  ( S .  D. = 1 . 3 ) AT 6 4 .  5 ( 4 1 .  2
6 4 . 5 )
RATIO = 3 0 .  6 ( 2 8 .  3 TO 3 2 .  9 )  ( S .  D. = 2 . 5 ) AT 6 7 .  2 ( 6 4 .  3
7 6 . 7 )  .
AREA = 5 9 7 .  3 ( 5 1 6 . 9 T 0 6 7 7 .  7 )  ( S.  D. = 5 0 . 6 ) AT 2 1 . 0 ( 16.  2
2 8 .  6)
155
HOOKSIN 0 : 1 7  MAY 1 6 ,  1973
1 DIM AC 2 0 0 ) ,  B C 2 0 0 ) , L C 2 0 0 ) ,  PC 2 0 0 ) ,  RC 2 0 0 ) ,  CC 2 0 0 ) ,  OC 2 0 0 ) ,  W$< 2 0 0 ) ,  SC 2 5 ) ,  DC 2 
0 ) , U C 2 0 ) ,  VC2 0 ) , H C 2  0 ) , N C 2 5 ) ,  TC 15 0)






LET C5=2.  32
REM C5 = MICROMETER CONSTANT.

































































PRINT " N 5 . =
PRINT " HC1)
PRINT " NCI)
PRINT " PC I,
PRINT " LC1,









: HK POS BLADE 
: # »  a a  a a a .  # 
FOR J =  1 TO P9 
READ H C J ) , N C J )
READ W$
IF N C J )+ P5< 62  THEN










HC1 ) , N C 1 ) ,
PC 1, 1 ) ,  L C l ,
PC 1, 2 )  ,  L C 1, 2 ) ,  BC 1
NAME"""
OF SERI ES” ""
""WORM # \  NAME* 








DATA . . . "
DATA PC 1,NC I)  ) , LC 1,NC 1) ) ,  BC 1,NC 1) ) " 
DATA H C 2 ) , N C 2 ) ,  ""WORM #2 NAME""" 
DATA. . . "
NUMBER OF PROBOSCES".
= NUMBER OF HOOKS/ROW WORM #1 "
. = NUMBER OF WORM #1 HOOKS MEASURED" 
1) = POSITION NUMBER 1ST HOOK"
1) = BLADE LENGTH 1ST HOOK"
1) = BASE LENGTH 1ST HOOK."



















5 2  LET P5= 3 
5 3 PRINT
5 4  PRINT U$""
5 5  PRINT USING 39 
5 6 LET P5= P5+ 3
57  LET V ( J > ,  D ( J > ,  S C J ) , U ( J )  = - 3 E 3 3
58  FOR I=N5+ 1 TO N 5 + N ( J )
59  READ PC I ) , L ( I ) , B ( I )
6 0  LET B CI ) = C 5 * B C I )
61 LET L ( I ) = C5*L( I )
6 2  LET R ( I ) = ( B ( I ) * 1 0 0 ) / L ( I )
6 3  LET A C I ) = C B C I > * L C I > > / 2
6 4  I F L ( I ) < = S C J )  THEN 66
65  LET SCJ)=LCI>
6 6  I F  BC I ) <= DC J  > THEN 68
67 LET D ( J ) = B ( I )
68  I F  H ( I X  = U ( J )  THEN 7 0
69  LET U( J )  = R( I >
7 0  I F  A ( I ) <  = V ( J )  THEN 7 2  
7 1 LET V( J )  = A( I )
7 2 NEXT I
7 3  FOR I = N5+ 1 TO N5+NCJ)
7 4  LET P1=PCI >*  1 0 0 / C H C J > + 1)
7 5  LET P j = I N T C P . l + C P l - I N T C P l ) ) >
7 6  LET L 1 = L ( I ) * 1 0 0 / S ( J )
77  LET L 1=INT(L J + CL 1 - I N T ( L  1) ) )
7 8  LET B.1 = B C I ) * . I 0 0 / D C J )
7 9  LET B 1 = I N T ( B . 1 + C B 1 - I N T ( B 1 ) ) >
8 0  LET RJ = R C I ) * J 0 0 / U C J )
81 LET R1=INT<R.1+CR1-INT<R1>>)
8 2  LET A 1 = A C I ) * J 0 0 / V C J )
8 3  LET A1=INTCA1+C Al-INT.C A l )  ) >
8 4  PRINT USING 4 0 ,  PC I ) ; P l i  L C I >iL l ;  BC I ) i  B l ;  RC I ) ;  R U  A< I ) ; A 1
8 5  LET P5= P5+ 1
8 6  LET PCI )  = P ( I ) > k l 0 0 / ( H ( J )  + 1)
87  NEXT I
8 8  LET N5 =N 5 +N( J )
8 9  NEXT J  
9 0  READ X$
9 1 I F XS= THEN 9 4
9 2  PRINT "DATA INCOMPLETELY READ! !"
9 3 DATA " § ”
9 4  FOR 1=1 TO 3 0
9 5  READ T ( I )
9 6  NEXT I
97  DATA 1 2 . 7  1,  4 .  3 0 ,  3.  18,  2 .  7 8 ,  2 .  5 7 ,  2 .  4 5 ,  2 .  3 6 ,  2 .  3 1 ,  2 .  2 6 ,  2 .  2 3 ,  2 .  2 0
9 8  DATA 2 .  18,  2 .  16,  2 .  14,  2 .  13 ,  2 .  12 ,  2 .  11,  2 .  10,  2 .  09 ,  2 .  0 9 ,  2 .  08 ,  2 .  07
9 9  DATA 2 .  0 7 ,  2 .  0 6 ,  2 .  0 6 ,  2 .  0 6 ,  2 .  0 5 ,  2 .  0 5 ,  2 .  04 ,  2 .  04
.100 FOR 1=31  TO 6 0
J 01 LET T( I ) = 2
1 0 2  NEXT I .
J 0 3  FOR 1 = 61  TO 1 50  
104 LET T ( I ) = 1 . 9 6
157
. 105 NEXT I
J 0 6  FOR 1= 1 TO N 5
107 LET C ( I > = P C I )
1 0 8  NEXT I
1 0 9  LET K= 1 
.1.10 LET 0 1? 3 E 3 3  
1.1 1 FOR 1=1  TO. N5
1.12 I F  C ( I ) > = 0  1 THEN 1 15
1.13 LET 0 1=CCI )
1 1 4  LET 0 2=1
1 15 NEXT I
1.16 LET C ( 0 2 } =  3 E 3 3
1 17 LET 0 ( 1 0 = 0 2
J 18 LET K=K+ 1
119  I F  K<=N5 THEN 1 1 0
.120 PUT 1: N 5 ,  5
121 FO R 1=1  TO N 5
1 2 2  PUT 1: P ( 0 ( I ) ) j L C 0 ( I ) ) j B ( 0 ( I ) ) j R ( 0 ( I ) ) / A ( O ( I ) )  
. 123 NEXT I
1 2 4  LET N5= 0
1 2 5  FOR J =  1 TO P9
.126 FOR I = N 5 + 1 TO N 5 + N C J )
12 7  LET L ( I ) = ( L ( I ) * 1 0 0 ) / S C J )
1 2 8  LET L ( I ) = I N T ( L ( I ) + ( L ( I ) - I N T ( L C I ) ) ) )
1 2 9  LET B C I ) = ( B ( I ) * 1 0 0 ) / D ( J )
. 130 LET B ( I )  = I N T ( B ( I ) + ( B ( I ) - I N T C B ( I ) ) ) )
1 3 1  LET R ( I ) = ( R ( I ) * 1 0 0 ) / U ( J >
1 3 2  LET R ( I ) = I N T ( R ( I ) + ( R ( I ) - I N T ( P . ( I ) ) ) >
.133 LET A C I > = ( A C I > * 1 0 0 > / V ( J >
1 3 4  LET A ( I ) = I N T ( A ( I ) + ( A ( I ) - I N T ( A ( I ) ) ) )
1 3 5  NEXT I
1 3 6  LET N 5 = N 5 + N ( J )
137  NEXT J
1 3 8  PUT 1: N 5 , 5
1 3 9  FOR 1= 1 TO N5
1 4 0  LET X = 0 ( I )
141  PUT 1; P ( X ) > L ( X ) , B ( X ) , R ( X ) < A ( X )
1 4 2  NEXT I.
1 4 3  CLOSE 1
1 4 4  DIM X ( 2 0 0 ^ 5 ) j M ( 2 0 0 j 5 ) >  0 ( 200 . *  5 )
.145 OPEN. 1,  FSj  INPUT
1 4 6  GET l i  R , C
1 4 7  FOR 1=1 TO R*C
1 4 8  GET 1; X 
.149 NEXT.  I
1 5 0  GET 1: R, C
15 1  FOR 1=1  TO R
1 5 2  FOR J =  1 TO C 
. 153 GET Is X ( I , J )
1 5 4  NEXT J
1 5 5  NEXT I
.156 I F  P 5 < 5 0  THEN 1 6 2  
157 FOR I = P5 TO 6 5
158
.158 PRINT  
1 5 9  NEXT I 
.16 0 PRINT  
161  LET P 5 = 0  
.162 PRINT
1 6 3  PRINT " GRAPH DATA;"
1 6 4  PRINT
.165 PRINT USING 2 0 2  
.166 PRINT
1 6 7  LET P 5 = P 5 + 4
1 6 8  LET R ( 2 > ,  R( 3)> RC4). ,  R ( 5 >  = 0
1 6 9  LET U= 0 
.17 0 LET L = -  10  
17 1 LET N 1=0  
1 7 2  LET N= 0
.17 3 FOR J =  1 TO 15
1 7 4  LET S ( J ) = 0
1 7 5  NEXT J.
1 7 6  FOR 1=1 TO R
1 7 7  I F  X C I ,  1 ) <L+ S THEN 183  
.178 I F  X C I ,  1)> = U+S THEN 1 8 3  
. 179 LET N=N+ 1
1 8 0  FOR J = 1 TO C
.181 LET SCJ)  = SCJ )  + XCI . »J)
.18 2 NEXT J  
1 8 3  NEXT I 
.184 I F  N = 0  THEN 1 9 4
1 8 5  I F  N 1=0  THEN 187
1 8 6  I F  MCN 1, 1) = I NT (  SC 1 ) / N + C  S(  1 > / N - I N T (  S(  1 ) / N )  ) ) THEN 1 9 4  
.187 LET N 1=N 1+ 1
.188 FOR J =  1. TO C
1 8 9  LET M(N I ,  J )  = S ( J ) / N
1 9 0  LET MCN 1, J ) = I N T ( MC N  1,  JJ+CMCN 1,  J ) - I N T ( M ( N  I ,  J )  ) )  )
.191 I F  MCN 1 < J ) < R ( J )  THEN 1 9 3
1 9 2  LET RCJ)=MCN 1, J )
19 3 NEXT J
1 9 4  LET S=S+ 1
1 9 5  I F  S> 1 1 0  THEN 197
1 9 6  GOTO 172
1 9 7  FOR 1 =1  TO N 1
1 9 8  FOR J = 2  TO 5
1 9 9  LET M C I * J ) = 1 0 0 * M C I ,  J J / R C J )
2 0 0  L E T  M C I >  J )  =  I N T C M C I ^  J ) + C M C I j  J ) - I N T C M C I >  J ) ) ) >
2 0 1  NEXT J
2 0 2  SHOOK BLADE BASE RATIO AREA
2 0 3  : # # #  # 0 #  # # #  # # #
2 0 4  I F  P 5 < 6 2  THEN 2 1 2  
2 0 5  PRINT
2 0 6  PRINT  
2 07 PRINT  
2 08  PRINT
2 0 9  PRINT
2 1 0  PRINT
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2 6 4  LET N ( J + 5 ) =  1
2 6 5  GOTO 27 1
2 6 6  LET R ( J ) = S C J + 5 ) / M ( J + 5 )
2 6 7  I F  N = 1 THEN 271
2 6 8  LET F ( J ) = C S ( J + 1 0 ) -  < SC J + 5)  t 2 ) / N  C J + 5> > /  CN C J + 5 )  -  1)
2 6 9  LET FC J ) = SQF.(FC J ) )
2 7 0  LET E ( J ) = ( F ( J ) / S Q R C N ( J + 5 ) ) ) * T ( N ( J + 5 ) - 1)
271 N EXT J
2 7 2  IF  P5<5 3 THEN 2 77  
27 3 FOR 1 = P5 TO 65
2 7 4  PRINT
2 7 5  NEXT I
27 6 PRINT " - "
2 7 7  PRINT
2 7 8  PRINT
2 7 9  PRINT " "AS"”
28 0 PRINT "MAXIMA:"
28  1 LET ASC 2)  = "BLADE"
2 8 2  LET ASC3 ) =  "BASE"
2 8 3  LET A$C4)= "RATIO"
2 8 4  LET ASC5 ) =  "AREA"
2 8 5  FOR J =  2 TO 5
2 8 6  PRINT USING 2 8 8 . , A $ C J ) ; R ( J ) J R ( J ) - ECJ>; RCJ) + E ( J ) ; F C J ) ; S < J ) / N ( J )
; l c j > ; u c j )
2 8 7  NEXT J
2 8 8  : # # # # #  = # # # .  # C # # # . #  TO # # # • # )  C S.  D. = # # # . # >  AT # # # .  # C # # # . #
TO### .  #)
2 8 9  LET P5= P5+ 8
2 9 0  FOR I = P5 TO 65
29 1 PRINT 
29 2 NEXT I
29 3 PRINT " - "
2 9 4  LET A $ ( 2 )  = "L "
2 9 5  LET ASC 3)  = "B"
2 9 6  LET ASC4) = ” R"
2 9 7  LET A S ( 5 ) = " A "
2 9 8  PRINT
2 9 9  PRINT
3 0 0  PRINT " - A S " "
301 PRINT USING 3 0 3
3 0 2  PRINT USING 3 0 4
3 0 3 :  1 0 0 9 5 9 0 8 5 8 0 7 5  7 0  6 5  6 0 5 5 5 0
4 5  4 0  35 3 0 2 5 2 0 15 10 5 0
3 0 4 :  + . . .
3 0 5  PRINT "";
3 0 6  LET K = N 1
3 0 7  FOR I 1 = 9 9 TO 1. STEP -  1
3 0 8  I F  I 1 / 5 < > I N T C I 1 / 5 )  THEN 311
3 0 9  PRINT I i ;
3.10 GOTO 3 1 2
3 J 1  PRINT " ";
3 1 2  I F  K= 0  THEN 3 3 7
3 1 3  IF  M(K, 1 ) < I  1- 1 THEN 33 7
3 1 4  IF  MCK, 1 ) > = I I  THEN 3 37
3 1 5  FOR 1 = 1 0 0  TO 1 STEP - 1
3 1 6  IF 1=1 THEN 3 3 3
317 FOR J= 2 TO 5
3 1 8  IF M C K ,J )<> I  THEN 321
3 1 9  PRINT A S ( J ) " " ;
3 2 0  GOTO 33 5
321 NEXT J
3 2 2  IF I < 1 00  THEN 3 27
3 2 3  IF I 1 / 5 < > I N T ( I  1 / 5 )  THEN 3 2 6
3 2 4  PRINT "+**;
3 2 5  GOTO 32 7
3 2 6  PRINT
327 FOR J= 2 TO 5
3 28  IF  M C K ,J )> = I  THEN 3 3 2
3 2 9  IF M ( K , J ) < 1  THEN 3 3 2
3 3 0  PRINT "
331 GOTO 3 35
3 3 2  NEXT J
3 3 3  LET K = K - 1
3 3 4  GOTO 341
3 3 5  NEXT I
3 3 6  GOTO 341
337  IF I 1 / 5 < > I N T ( I  1 / 5 )  THEN 3 4 0
338  PRINT "+"J
339  GOTO 341
3 4 0  PRINT »;
341 PRINT
3 4 2  NEXT I 1
3 4 3  PRINT USING 3 0 4
3 4 4  PRINT USING 3 0 3  
3 4 6  END
162
APPENDIX C
HOOK PATTERN GRAPHS 
AND GRAPH MAXIMA
HOOK PATTERN GRAPHS
F i g u r e s  Cl th r o u g h  C31 r e p r e s e n t  hook p a t t e r n  
g r a p h s  g e n e r a t e d  by t h e  r o u t i n e  d i s c u s s e d  i n  A ppendix  B. 
F i g u r e s  Cl th r o u g h  C3 a r e  o f  t h e  G adi t y p e  p a t t e r n  and 
F i g u r e s  C l4  th ro u g h  C26 a r e  o f  t h e  S p a r s u s  ty p e  p a t t e r n .
The d i r e c t o r y  w hich  f o l l o w s  t h i s  i n t r o d u c t i o n  l i s t s  
t h e  s o u r c e s  o f  t h e  sp ec im e n s  a n a ly z e d  i n  t h e  i n d i c a t e d  























Sex S p e c ie s  














w i n t e r





E, l e i d y i  
" S p a r s u s "
y e l lo w -
t a i l
f l o u n d e r
w i n t e r
f l o u n d e r
p o l l o c k
cod
la k e
t r o u t
w i n t e r
f l o u n d e r
L o c a l i t y  D ate
New C a s t l e  B r id g e  7 /2 7 /7 1  
P o r t s . , N.H.
9 /3 /7 1
G o s s p o r t  H a rb o r
I s l e s  o f  S h o a l s ,N .H .9 /2 5 /7 1
A p p le d o re  I s l a n d  I O /1 6 /7 1  
I s l e s  o f  S h o a ls
B o s to n  F i s h  Mkt. 19^9
G o s s p o r t  H a rb o r  9 /2 5 /7
I s l e s  o f  S h o a ls
L i t t l e  H a rb o r  1 0 /6 /7 1
P o r t s . , N.H.
Whale Back R ee f  I O / 1 3 /7 1  
P o r t s . , N.H.
New C a s t l e  B r id g e  6/ 2 3 /6 0  
P o r t s . , N.H.
P e n t w a t e r ,  M ich. ?
G o s s p o r t  H a rb o r  7 /2 7 /7 1  
I s l e s  o f  S h o a ls
HOOK PATTERN GRAPHS (CONT.)
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F ig  Sex S p e c ie s  








M T - s e r i e s
C22 F
C23 M&F E. l a t e r a l i s
024 M "H ippo"
025 F
026 M "S tu b b y "
02? M&F E. s a lm o n is
028 M&F ?
029 M Pomph. r o c c i
030 M Pomph. s p .
031 M Pomph. s p .
H o st
w i n t e r
f l o u n d e r
b ro o k
t r o u t
A m erican
p l a i c e
cod
l a k e
t r o u t
L o c a l i t y
G o s s p o r t  H a rb o r  
I s l e s  o f  S h o a ls
E a s t p o r t ,  
M aine ?
P r i v a t e  h a t c h e r y  
Maine
Canada
G e o rg e s  Bank 
P e n t w a t e r ,  M ich.
P a c i f i c
" t o n g u e f i s h "  So. C a l i f .
w i n t e r
f l o u n d e r
l i t e r a t u r e
l i t e r a t u r e
G o s s p o r t  H a rb o r  
I s l e s  o f  S h o a ls
D ate
7 /2 7 /7 1
M
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F i g u r e s  C32 t h r o u g h  C4? r e p r e s e n t  f u r t h e r  c o m p a r is o n s  
o f  t h e  p o p u l a t i o n s  a n a ly z e d  i n  F i g u r e s  Cl th r o u g h  C3 1 . The 
g ra p h  maximum s t a t i s t i c s  i n c l u d e d  i n  t h e  hook p a t t e r n  g ra p h  
p r i n t o u t s  h av e  b een  s o r t e d  i n t o  16  g ro u p s  a c c o r d i n g  t o  
p a t t e r n  t y p e ,  t h e n  s e x ,  and  t h e n  a c c o r d i n g  t o  c h a r a c t e r .
T hese  g ra p h  maximum s t a t i s t i c s  a r e  t h e n  p l o t t e d  so t h a t  worms 
o f  a  g i v e n  p a t t e r n  t y p e  and s e x  may be com pared  a s  r e g a r d s  
t h e  a c t u a l  v a l u e  and t h e  p e r c e n t  p o s i t i o n  o f  e ac h  c h a r a c t e r  
w here  t h e  c u r v e  f o r  t h a t  c h a r a c t e r  r e a c h e s  i t s  maximum v a l u e .
F o l l o w i n g  i s  a  d i r e c t o r y  t o  t h e s e  f i g u r e s  and t h e n  a  
c r o s s - r e f e r e n c e  b e tw e e n  t h e  a c c e s s i o n  n u m b ers  l a b e l i n g  e ac h  
maximum and t h e  p a t t e r n  g ra p h  from  w hich  i t s  c o o r d i n a t e s  w ere  
d e r i v e d .
197
GRAPH MAXIMA
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I n  t h i s  s e c t i o n ,  t h e  b a s i c  s t a t i s t i c s  a r e  l i s t e d  f o r  
p o p u l a t i o n s  i n  which I  have  been  i n t e r e s t e d .  The s t a t i s t i c s  
c a l c u l a t e d  f o r  e ach  c h a r a c t e r  a r e  a s  f o l l o w s :  a r i t h m e t i c
mean (MEAN), s t a n d a r d  e r r o r  o f  mean ( S . E . ) ,  number o f  
o b s e r v a t i o n s  i n  sample  (N) ,  minimum v a l u e  (MIN), maximum 
v a l u e  (MAX), and c o e f f i c i e n t  o f  v a r i a t i o n  ( C . V . ) .
A d i r e c t o r y  t o  t h e  t a b l e s  f o l l o w s  t h i s  i n t r o d u c t i o n .
216
BASIC STATISTICS
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M&F E. g a d i
H os t
" S p a r s u s "
II
E. g a d i ??
M
E. l e i d y i  
"Hippo"
T - s e r i e s
"S tu b b y "
cod
p o l l o c k
w i n t e r
f l o u n d e r
l a k e  t r o u t
American  
p l a i c e ,  e t  a l
b ro o k  t r o u t
g a d i d s
P a c i f i c
" t o n g u e f i s h "
Coho salm on
s a f f r o n  cod
L o c a l i t y  
A l l  m a le s  
A l l  f e m a l e s  




G o s s p o r t  H a r b o r  
I s l e s  o f  S h o a l s ,N .H .
II
N .E .U .S .
II
P e n t w a t e r ,  Mich. 
Canada
E a s t p o r t ,  Maine 
N .E .U .S .
II














# OF HOOK ROWS 
HOOKS PER ROW 
HOOK NUMBER 
HOOK DI STRI BUTI ON  
HOOK DI S P ERS I ON  
PROB CIRC A #ROWS 
PROB L A HKS/P.OW 
ANT HK BLADE L 
ANT HK BASE L 
MID HK BLADE L 
MID HK BASE L 
POST HK BLADE L 




MEAN S . E . N
1 2 0 5 6 . 2 1 8 4 . 9 38  2
1 1 3 5 2 . 4 1 8 7 . 1 3 6 3
8 6 6 . 8 1 3 . 5 321
6 9 3 . 8 1 1 . 2 3 2 0
1 5 6 . 9 5 . 7 2 6 6
6 5 9 . 7 5 . 7 3 7 8
21 4 . 5 1 . 6 3 7 2
1 6 . 9 0 . 0 361
3 3 . 0 0 . 2 361
1 8 . 0 0 . 1 3 7 9
1 1 . 7 0 . 1 3 1 7
2 0 9 . 0 2 . 8 31 1
6 4 . 6 0 . 5 31 1
2 0 . 8 0 * 4 2 7 7
38 . 0 0 . 4 3 6 3
5 6 . 6 0 . 5 3 0 9
51 . 6 0 . 6 2 2 8
9 . 8 0 . 1 2 2 3
5 4 . 9 0 . 5 3 3 7
1 4 . 7 0 . 1 3 3 7
4 1 . 5 0 . 4 3 3 8
6 . 7 0 . 1 3 3 7
4 1 0 . 0 6 . 0 3 2 5
MIN MAX C . V .
2 7 0 3 . 0 2 5 2 9 6 . 0 3 0 . 0
2 2 8 8  . 0 2 4 3 2 0 . 0 31 . 4
2 8 6 . 0 1 58 1 .  0 28 . 0
2 1 4 . 0 1 3 2 6 . 0 2 8 . 9
1 cn • 4 6 8  . 0 59 .  6
3 5 7 . 0 1 1 7 3 . 0 1 6 . 7
91  . 8 3 0 6 . 0 1 4 . 3
1 4 . 7 1 8 . 0 2 . 6
1 6 . 7 4 9  . 0 1 3 . 9
1 2 . 0 2 5 . 0 1 2 . 8
9 . 0 1 9 . 0 1 4 . 4
121 . 0 3 3 7 . 0 2 3 . 3
4 7 . 8 1 0 6 . 0 1 4 . 5
6 . 0 4 2 . 0 2 9  . 2
21 . 4 5 2 . 6 1 7 . 6
2 9 . 7 8 0 . 7 1 7 . 1
1 6 . 2 3 1 . 2 1 6 . 7
4 . 6 1 7 . 4 18 . 5
1 8 . 6 8 3 . 0 1 5 . 1
7 . 0 2 3 . 2 1 4 . 1
18 . 6 58  . 0 1 6 . 0
to • CO 1 1 . 6 1 9 . 9




CHARACTER MEAN S . E . N MIN MAX C . V .
HOOK ROBUSTNESS 2 7 . 1 0 . 2 3 2 5 2 0 . 0 3 7 . 5 1 1 . 6
HOOK INCL ANGLE 8 . 2 0 . 6 3 4 2 - 1 0 . 0 8 0 . 0 1 2 6 . 9
STND HOOK ANGLE 0 . 3 0 . 0 3 0 8 - 0 . 4 2 . 1 121 . 0
HK ANGLE & PROB R 4 . 5 0 . 3 3 2 4 - 6 . 0 3 9 . 4 128  .  5
NECK WALL THICK 3 7 . 2 1 . 1 28 5 9 . 3 9 7 . 4 4 8 . 3
RELATIVE NECK THIC 1 7 . 0 0 . 5 2 7 2 4 . 4 3 9 . 3 4 4 .  1
LEMNI SCI LENGTH 1 1 2 4 . 2 1 5 . 7 361 4 2 8  . 0 2 1 9 3 . 0 2 6 . 5
RECEPTACLE LENGTH 1 3 9 9 . 7 1 6 . 1 3 7 4 4 5 9 . 0 2 7 0 3 . 0 2 2 . 2
RECEPTACLE WIDTH 2 4 8 . 9 2 . 5 3 2 6 1 0 2 . 0 4 5 9  . 0 1 7 . 9
RECEPTACLE RATIO 1 8 . 1 0 . 2 3 2 6 1 0 . 9 4 2 . 9 1 9 . 2
RECEPTACLE VOLUME 1 8 . 0 0 . 0 3 2 6 1 5 . 6 1 9 . 2 3 . 1
PROB V/ REC V RATIO 3 8 . 5 1 . 0 3 2 6 1 0 . 0 1 5 9 . 0 4 6 .  1
PROB L / R E C  L RATIO 4 8 . 9 0 . 7 3 5 5 2 3 . 9 1 4 0 . 0 2 5 . 8
REC L -  LEM L 2 1 0 . 0 1 2 . 7 3 5 8 - 6 5 1 . 0 8 49  . 0 1 1 4 . 2
XLEM L / R E C  L 8 0 . 9 0 . 9 3 5 8 3 3 . 3 1 7 8 . 0 21 . 9
HOOK NO * REC 1 2 . 0 0 . 2 2 7 6 5 . 5 2 4 . 7 3 3 . 2
RETINACULA TO T I P 3 9 7 . 5 5 . 1 3 6 2 1 8 4 . 0 8 1 6 . 0 2 4 . 2
XRET TO T I P / R E C  L 2 8 . 4 0 . 3 3 6 0 1 2 . 1 8 8 . 9 1 7 . 4
GANGLION TO T I P 5 7 9 . 3 6 . 3 3 3 9 2 2 4 . 0 1 0 4 0  . 0 2 0 .  1
XGANG TO T I P / R E C  L 4 2 . 0 0 . 5 3 3 6 2 4 . 0 1 4 4 . 0 1 9 . 8
XRET-XGANG 1 3 . 4 0 . 3 3 3 3 - 7 . 1 5 5 .  6 4 3 . 8
GANGLION LENGTH 2 4 5 . 7 2 . 5 2 3 5 1 0 2 . 0 3 2 5 . 0 1 5 . 4




CHARACTER MEAN S . E . N MIN MAX C . V .
XRETR/METASOME 1 9 . 7 0 . 4 231 - 4 7 . 1 3 4 . 4 3 0 . 3
MATURITY 3 . 7 0 . 0 3 6 0 0 . 0 5 . 0 2 3 . 6
GENITALIA LENGTH 7 2 2 2 . 5 1 3 7 . 8 3 0 9 8 3 7 . 0 1 6 4 2 2 . 0 3 3 . 5
JCGEN L/METASOMA 6 2 . 5 0 . 4 29  4 2 7 .  7 1 1 8 . 0 1 1 . 0
GENITALIA TO REC 2 9 7 6 . 1 8 8  .  1 28 7 - 1  1 8 0 . 0 7 6 2 3 . 0 5 0 . 2
T E S T I S  TO RETRACT 5 6 0 . 2 4 5 . 2 2 6 6 - 6 1 2 . 0 3 5 7 0 . 0 1 31 . 7
ANT T E S T I S  LENGTH 1 1 7 7 . 0 2 3 . 1 278 1 8 9 . 0 2 0 9 1  . 0 3 2 . 8
ANT T E S T I S  WIDTH 4 0 1 . 6 7 . 3 301 1 0 2 . 0 8 1 6 . 0 3 1 . 7
POST T E S T I S  LENGTH 1 1 2 7 . 1 21 . 3 2 7 9 1 8 4 . 0 2 1 4 2 . 0 3 2 . 3
POST T E S T I S  WIDTH 39 5 . 3 7 . 2 29  7 91 . 3 8 1 6 . 0 31 . 5
T E S T I S  PROFI LE 1 2 . 9 0 . 0 2 7 9 9 . 9 1 4 . 3 5 . 2
T E S T I S  RATIO 3 4 . 6 0 . 5 2 7 9 18 . 4 68 . 6 2 3 . 6
CEM GLND CLUST L 2 4 1 7 . 7 5 2 . 3 3 4 8 3 0 6 . 0 6 4 2 6 . 0 4 0 . 4
# OF CEMENT GLANDS 6 . 0 0 . 0 3 6 4 3 . 0 1 2 . 0 8 . 5
ARR OF CEMENT GLND * * * * * * * * * * * * * 3 6 2 3 2 . 0 * * * * * * * 5 7 7 . 2
CEM GLAND L 4 6 8  . 4 8 . 8 3 4 2 1 0 2 . 0 1 2 7 5 . 0 3 4 . 8
CEM GLAND W 3 3 3 . 4 6 . 5 3 4 2 71 . 4 7 1 4 . 0 3 5 . 8
SEMINAL VES LENGTH 331  . 8 1 6 . 5 3 0 4 0 . 0 1 8 3 6 . 0 8 6 . 7
SF POUCH LENGTH 9 5 4 . 2 1 1 . 7 3 6 3 2 8 6 . 0 1 78 5 . 0 2 3 . 3
SF POUCH WIDTH 3 5 2 . 4 3 . 9 3 4 9 1 1 2 . 0 561  . 0 2 0 .  6
SF PCH RATIO 3 7 . 5 0 . 4 3 3 9 2 0 . 8 71 . 4 2 1 . 9
SPARSUS MALE 2 . 7 0 . 2 2 0 7 0 . 2 1 0 . 7 9 2 . 0
SEX C - 1  =F # + 1=M) 1 . 0 0 . 0 4 0 1 1 . 0 1 . 0 0 . 0
220
TABLE E2  
ALL FEMALES
CHARACTER MEAN
TOTAL LENGTH 2 2 3 8 4 . 7
METASOMA LENGTH 21 501 . 6
MAXIMUM WIDTH 9 9 3 . 1
POST BODY WIDTH 6 2 5 .  1
BODY TAPER 1 9 5 .  1
PROBOSCIS LENGTH 7 2 8 . 7
PROBOSCIS WIDTH 2 4 0 . 8
PROBOSCIS VOLUME 1 7 . 3
PROBOSCIS RATIO 3 3 . 5
# OF HOOK ROWS 1 9 . 1
HOOKS PER ROW 1 2 .  1
HOOK NUMBER 2 2 8 . 9
HOOK DI STRI BUTI ON 6 3 * 2
HOOK DI S PERS I ON 1 9 . 2
PROB CIRC & #ROWS £- IS • to
PROB L & HKS/ROW 6 0 . 3
ANT HK BLADE L 5 5 .  1
ANT HK BASE L 1 0 . 4
MID HK BLADE L 5 9 . 2
MID HK BASE L 1 6 . 2
POST HK BLADE L 4 3 . 9
POST HK BASE L 7 . 1
MID HOOK PROFI LE 4 9 1 . 4
S . E . N MIN MAX C . V .
4 9 5 . 9 3 6 4 3 7 7 4 . 0 7 4 9 7 0 . 0 4 2 . 3
521 . 4 3 3 7 3 0 1 1  . 0 7 4 0 1 6 . 0 4 4 .  5
1 8 . 9 29  4 1 0 2 . 0 2 1 9 3 . 0 3 2 . 7
1 3 . 6 2 9 6 1 4 3 . 0 1 5 3 0 . 0 3 7 .  5
7 . 1 2 3 0 - 1 5 5 . 0 8 2 4 . 0 5 5 .  1
7 .  7 3 5 3 4 5 9  . 0 1 4 2 3  . 0 2 0 . 0
2 . 2 3 4 3 1 3 3 . 0 4 0 8  . 0 1 6 . 9
0 . 0 32 8 1 5 . 8 1 9 . 0 2 . 9
0 . 3 3 2 8 1 7 . 9 4 4 . 1 1 4 . 0
0 . 1 3 5 2 1 2 . 0 2 5 . 0 1 4 .  1
0 . 1 3 0 9 9 . 0 2 0 . 0 1 4 . 1
3 . 1 3 0 2 1 3 7 . 0 3 6 7 . 0 2 3 . 7
0 . 6 3 0 2 4 4 . 0 1 1 1 . 0 1 5 . 7
0 . 3 2 6 5 8 . 4 5 8 . 5 2 8 . 6
0 . 5 331 2 2 . 4 8 7 . 0 21  . 4
0 . 7 3 0 4 3 5 . 3 1 2 1 . 0 1 9 . 3
0 . 8 1 9 7 1 6 . 2 1 0 4 . 0 2 1 . 2
0 . 1 2 0 6 4 . 6 1 8 . 6 2 0 . 4
0 . 7 3 1 4 1 8 . 6 1 2 3 . 0 1 9 . 6
0 . 1 3 2 3 5 . 8 3 0 . 2 1 6 .  1
0 . 5 301 1 1 . 6 7 6 . 6 1 8 . 3
0 . 1 3 0 9 4 . 6 1 6 . 2 2 2 . 7




CHARACTER MEAN S . E . N MIN MAX C.  V.
HOOK ROBUSTNESS 2 7 . 9 0 . 2 3 0 6 2 0 . 8 5 0 . 0 1 2 . 9
HOOK INCL ANGLE 9 . 1 0 . 6 30 9 - 1  5 . 0 7 5 . 0 1 2 3 . 4
STND HOOK ANGLE 0 . 3 0 . 0 28 3 - 0 . 1 2 . 0 1 0 9 . 1
HK ANGLE & PROB R 5 . 1 0 . 4 28 4 - 1 0 . 4 3 6 . 6 1 1 8 . 9
NECK WALL THICK 3 8 . 5 1 . 0 281 7 . 0 8 1 . 2 4 5 . 2
RELATIVE NECK THIC 1 5 . 6 0 . 4 261 3 . 2 3 4 .  6 41 *0
LEMNI SCI LENGTH I 2 1 9 . 6 1 8 . 2 3 3 6 3 0 6 . 0 2 6 5 2 . 0 2 7 . 3
RECEPTACLE LENGTH 1 4 7 7 . 4 1 5 . 9 3 6 4 561 . 0 2 4 9 9 . 0 2 0 .  5
RECEPTACLE WIDTH 2 6 9 . 4 3 . 1 29 6 1 3 3 . 0 4 4 9 . 0 1 9 . 7
RECEPTACLE RATIO 1 8 . 6 0 . 2 29  6 1 0 . 2 3 1 . 8 18 . 7
RECEPTACLE VOLUME 1 8 . 2 0 . 0 29  6 1 6 . 2 1 9 . 5 3 . 1
PROB V/ REC V RATIO 4 3 . 3 1 . 2 29 6 1 3 . 2 1 6 6 . 0 4 6 . 8
PROB L / R E C  L RATIO 5 0 . 7 0 . 7 3 4 0 2 4 . 3 1 0 9 . 0 2 3 . 8
REC L -  LEM L 1 9 1 . 3 1 2 . 8 3 31 - 8 1 1 . 0 1 2 5 7 . 0 121 . 6
XL EM L / R E C  L 8 2 . 1 0 . 8 331 21 . 4 1 3 7 . 0 1 7 . 9
HOOK NO & REC 1 2 . 7 0 . 3 261 5 . 5 3 4 . 3 3 2 . 2
RETINACULA TO T I P 4 3 6 . 3 6 .  1 3 3 0 1 1 2 . 0 1 0 7 1  . 0 2 5 . 6
XRET TO T I P / R E C  L 2 9 . 5 0 . 2 3 2 8 1 5 . 2 4 7 . 7 1 5 . 2
GANGLION TO T I P 6 2 8  . 6 8 . 3 3 0 4 3 0 6 . 0 1 6 3 2 . 0 2 3 . 0
XGANG TO T I P / R E C  L 4 3 . 3 0 . 4 3 0 2 21 . 4 8 4 . 2 1 6 . 4
XRET-XGANG 1 4 . 2 0 . 4 2 8 9 - 7 . 1 4 7 . 4 4 5 . 4
GANGLION LENGTH 2 3 4 . 4 2 . 8 1 6 7 1 3 9 . 0 3 3 6 . 0 1 5 . 7




CHARACTER MEAN S . E« N MIN MAX C . V .
XRETR/METASOME 2 5 . 5 0 . 4 2 2 5 1 1 . 9 5 7 .  7 2 3 . 9
MATURITY 2 . 8 0 . 1 3 5 8 0 . 0 5 . 0 6 5 . 3
GENITALIA LENGTH 1 6 4 6 . 3 2 0 .  1 2 7 9 6 2 2 . 0 30  60  .  0 2 0 . 4
XGEN L/METASOMA 9 . 2 0 . 3 2 5 3 2 . 9 4 5 . 5 4 7 . 0
GENITALIA TO REC 1 7 3 7 3 . 5 5 3 0 . 8 2 4 2 3 9 8 . 0 5 6 0 2 3 . 0 4 7 .  5
UTERINE BELL L . 3 5 6 . 1 6 . 4 261 1 3 3 . 0 6 1 2 . 0 2 8 . 8
UTERUS LENGTH 1 0 6 8  . 0 1 5 . 3 3 0 5 2 5 5 . 0 2 2 4 4 . 0 2 5 . 0
UTERUS WIDTH 1 1 8 . 8 2 . 1 2 9 3 3 0 . 6 2 2 4 . 0 3 0 . 3
UTERUS RATIO 1 1 . 5 0 . 3 2 7 0 4 . 0 2 7 . 1 3 6 . 3
VAGINA LENGTH 2 1 4 . 2 1 . 8 3 1 5 1 2 2 . 0 3 3 7 . 0 1 5 .  1
EGG LENGTH 8 4 . 9 1 . 2 9 6 58 . 0 128  . 0 1 3 . 9
SPARS US FEMALE 0 . 7 0 . 0 161 0 . 0 2 . 8 8 8 . 6
SEX ( - 1  =F j + 1 =M) - 1 . 0 0 . 0 3 8 9 - 1  . 0 - 1 . 0 0 . 0





TOTAL LENGTH 1 1 1 3 5 . 0
METASOMA LENGTH 1 0  5 0 6 . 7
MAXIMUM WIDTH 6 7 1 . 1
POST BODY WIDTH 5 3 0 . 4
BODY TAPER 1 3 7 . 8
PROBOSCIS LENGTH 5 7 1 . 2
PROBOSCIS WIDTH 2 0 2 . 4
PROBOSCIS VOLUME 1 6 . 7
PROBOSCIS RATIO 3 5 . 5
# OF HOOK ROWS 2 0 . 7
HOOKS PER ROW 1 1 . 9
HOOK NUMBER 2 4 0 . 3
HOOK DI STRI BUTI ON 5 7 . 9
HOOK DI S PERS I ON 1 6 . 3
PROB CIRC £ #ROVS 3 0 * 8
PROB L £ HKS/ROW 4 7 . 8
ANT HK BLADE L 4 6 . 5
ANT HK BASE L 9 . 7
MID HK BLADE L 4 8 . 7
MID HK BASE L 1 3 . 8
POST HK BLADE L 3 7 . 1
POST HK BASE L 6 . 9
MID HOOK PROFI LE 3 4 0 . 8
MALES
S . E . N MIN MAX c . v .
4 5 4 . 4 15 8 8 7 4 . 0 1 4 4 3 3 . 0 1 5 . 8
4 6 1  • 5 15 8 2 3 4 . 0 1 38 61 . 0 1 7 . 0
3 8 . 6 15 4 4 9 . 0 9 3 8 . 0 2 2 . 3
3 6 . 6 15 3 8 8 . 0 9  69 . 0 2 6 . 7
2 5 . 3 15 • 2 2 . 1 3 5 9 . 0 71 . 2
1 8 . 7 15 4 9 0 . 0 79 6 . 0 1 2 . 7
6 . 0 15 1 8 4 . 0 2 7 5 . 0 1 1 . 5
0 . 1 1 5 1 6 . 4 1 7 . 7 1 . 9
in• 15 3 2 . 3 3 9 . 2 5 . 8
0 . 3 1 5 1 8 . 0 2 3 . 0 6 . 2
0 . 3 1 5 1 0 . 0 1 5 . 0 9 . 7
.CO 15 1 9 5 . 0 3 3 7 . 0 1 3 . 5
1 . 5 15 4 7 . 8 6 6 . 7 1 0 . 0
0 . 7 13 1 1 . 9 2 0 . 5 I 5 . 2
0 . 8 15 2 6 . 2 3 7 . 6 1 0 . 0
0 . 7 15 4 3 . 2 5 3 . 0 5 . 9
1 . 8 13 3 7 . 1 6 0 . 3 1 4 . 2
0 . 4 13 7 . 0 1 1 . 6 1 5 . 0
1 . 4 13 4 4 . 1 6 2 . 6 1 0 . 1
0 . 5 13 1 1 . 6 1 8 . 6 1 3 . 0
1 . 8 13 2 7 . 8 4 6 . 4 1 7 . 1
0 . 5 13 3 . 5 9 . 3 2 3 . 8




CHARACTER MEAN S .  E. N MIN MAX C . V .
HOOK ROBUSTNESS 2 8 . 3 0 . 3 1 3 2 6 . 3 3 0 . 4 4 . 3
HOOK INCL ANGLE 8 . 1 1 . 5 1 5 0 . 0 1 7 . 0 6 9 . 2
STND HOOK ANGLE 0 . 3 0 . 1 13 0 . 0 0 . 6 7 9 . 2
HK ANGLE & PROB R 5 . 0 0 . 9 1 5 0 . 0 1 0 . 6 6 8 . 8
NECK WALL THICK 21 . 8 1 . 8 1 5 9 . 3 3 4 . 8 31 . 6
RELATIVE NECK THIC 1 0 . 9 0 . 9 1 5 4 . 5 1 7 . 5 3 2 . 3
LEMNI SCI LENGTH 1 08  1 .  2 3 3 . 8 1 5 8 6 7 . 0 1 2 7 5 . 0 1 2 .  1
RECEPTACLE LENGTH 1 5 0 6 . 8 5 2 . 8 1 5 9 6 9 . 0 1 7 8 5 . 0 1 3 . 6
RECEPTACLE WIDTH 2 2 9 . 4 5 . 1 1 5 1 9 4 . 0 2 6 5 . 0 8 . 6
RECEPTACLE RATIO 1 5 . 6 0 . 8 1 5 1 2 . 7 2 5 . 3 1 9 . 5
RECEPTACLE VOLUME 1 7 . 9 0 . 1 1 5 1 7 . 5 18 . 3 1 . 3
PROB V/ REC V RATIO 31 . 3 3 . 0 15 1 8 . 6 5 5 .  1 3 7 . 6
PROB L / R E C  L RATIO 3 8 . 7 2 . 0 1 5 2 9 .  7 5 7 . 9 2 0 . 2
REC L -  LEM L 3 5 0 . 4 61 . 1 1 5 - 2 0 1 . 0 68 3 *0 6 7 . 5
XL EM L / R E C  L 7 3 . 4 4 . 1 1 5 5 3 . 1 1 1 6 . 0 21 . 6
HOOK NO 4 REC 1 5 . 9 0 . 8 15 9 . 7 2 2 . 2 2 0 . 1
RETINACULA TO T I P 4 2 3 . 1 1 4 . 2 1 5 28  6 . 0 4 9 0 . 0 1 3 . 0
XRET TO T I P / R E C  L 2 8 . 2 0 . 6 15 2 3 . 5 31 . 9 7 . 7
GANGLION TO T I P 5 9 2 . 2 1 9 . 4 1 5 4 0 8 . 0 7 3 4 . 0 1 2 . 7
XGANG TO T I P / R E C  L 3 9 . 5 1 . 0 1 5 3 2 . 6 4 5 . 2 9 . 4
XRET-XGANG 1 1 . 4 0 . 8 1 5 5 . 1 1 6 . 4 2 8 . 7
GANGLION LENGTH 221 . 5 4 . 6 1 5 1 9 7 . 0 2 5 5 . 0 8 . 0




CHARACTER MEAN S . E . N MIN MAX C . V .
XRETR/METASOME 1 8 .  A 0 . 9 1 4 1 3 . 0 2 3 . 2 1 8 . 6
MATURITY 3 . 7 0 . 1 1 5 3 . 0 4 . 0 1 2 . 3
GENI TALI A LENGTH 7 0 1 7 . 6 3 81  . 0 1 4 4 9 9 8  . 0 1 0 2 0 0 . 0 2 0 . 3
XGEN L/METASOMA 6 6 . 6 0 . 9 1 4 6 0 .  7 7 3 . 6 4 . 8
GENI TALI A TO REC 1 9 3 6 . 9 1 4 3 . 0 1 4 1 1 5 7 . 0 3 0 3 8 . 0 2 7 . 6
T E S T I S  TO RETRACT 1 3 . 6 4 8  .  6 1 5 - 3 0 6 . 0 5 1 0 . 0 1 3 8 4 . 9
ANT T E S T I S  LENGTH 1 0 9 8 . 7 3 8 . 0 1 4 9 1 8 . 0 1 3 7 7 . 0 1 2 . 9
ANT T E S T I S  WIDTH 2 9 9 . 5 1 2 . 1 1 4 2 3 5 . 0 3 8 8 . 0 1 5 . 2
POST T E S T I S  LENGTH 1 0 5 2 . 1 2 9 . 3 1 4 8 8 7 . 0 1 2 5 5 . 0 1 0 . 4
POST T E S T I S  WIDTH 3 2 0 . 5 1 4 . 3 1 4 2 5 5 . 0 4 5 9 . 0 1 6 . 7
T E S T I S  PROFI LE 1 2 . 7 0 . 1 1 5 1 2 . 4 1 3 . 2 1 . 9
T E S T I S  RATIO 2 7 . 9 1 . 0 1 5 2 3 . 0 3 5 . 2 1 4 . 0
CEM GLND CLUST L 2 3 8 3 . 4 1 2 7 . 2 1 5 1 7 3 4 . 0 3 5 7 0 . 0 2 0 . 7
# OF CEMENT GLANDS 6 . 0 0 . 0 1 5 6 . 0 6 . 0 0 . 0
ARR OF CEMENT GLND 8 9 7 0 3 . 8 * * * * * * 1 4 1 1 2 1 1 . 0 * * * * * * * 4 7 . 4
CEM GLAND L 41 5 . 5 1 9 . 5 1 5 3 0 6 . 0 6 1 2 . 0 1 8 . 1
CEM GLAND V 2 9 6 . 5 1 6 . 0 1 5 2 0 4 . 0 4 0 8 . 0 2 0 . 9
SEMINAL VES LENGTH 2 9 9 . 2 4 2 . 8 1 5 0 . 0 5 1 0 . 0 5 5 . 4
SF POUCH LENGTH 1 0 3 7 . 0 2 8 . 4 1 5 8 1 6 . 0 1 2 2 4 . 0 1 0 . 6
SF POUCH WIDTH 2 9 3 . 7 8 . 0 15 2 4 5 . 0 3 6 7 . 0 1 0 . 6
SF PCH RATIO 2 8 . 4 0 . 6 1 5 2 4 . 2 3 2 . 7 8 . 5
UTERUS LENGTH 0 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *




CHARACTER MEAN S . E . N MIN MAX C . V .
TOTAL LENGTH 2 6 3  4 7 . 0 2 3 6 3 . 2 1 7 1 2 2 4 0 . 0 5 5 0 8 0 . 0 3 6 . 3
METASOMA LENGTH 2 6 1 7 6 . 5 2 3 6 2 . 3 1 7 1 1 5 6 7 . 0 5 4 3 7 3 . 0 3 7 . 2
MAXIMUM WIDTH 8 3 3 . 4 5 6 . 9 1 7 5 2 0 . 0 1 3 2 6 . 0 2 8 . 1
POST BODY WIDTH 4 5 5 . 8 3 8 . 0 1 7 2 3 5 . 0 7 9 6 . 0 3 4 . 3
BODY TAPER 1 5 4 . 9 1 2 . 0 1 7 7 6 . 2 2 6 5 . 0 31 . 8
PROBOSCIS LENGTH 6 0 9 . 6 7 . 7 17 561  . 0 68  3 . 0 5 . 2
PROBOSCIS WIDTH 2 1 9 . 5 4 . 1 1 7 1 9 4 . 0 2 6 5 . 0 7 . 7
PROBOSCIS VOLUME 1 6 . 9 0 . 0 17 1 6 . 6 1 7 . 4 1 . 1
PROBOSCIS RATIO 3 6 . 0 0 . 5 17 3 2 . 8 3 9 . 7 5 . 4
# OF HOOK ROWS 21 . 4 0 . 2 1 7 2 0 . 0 2 3 . 0 4 . 4
HOOKS PER ROW 1 1 . 9 0 . 1 1 7 11 . 0 1 3 . 0 4 . 7
HOOK NUMBER 2 4 9 . 7 4 . 5 17 2 2 5 . 0 2 9 2 . 0 7 .  5
HOOK DI S TRI BUTI ON 5 5 . 8 0 . 7 1 7 5 0 . 0 6 0 . 0 5 . 4
HOOK DI SPERSI ON 1 5 . 4 0 . 7 1 5 1 1 . 7 2 0 . 5 1 6 * 6
PROB CIRC 4  #ROWS 3 2 . 2 0 . 6 1 7 2 9 . 0 3 9 . 7 7 . 6
PROB L & HKS/ROW 51 . 2 1 . 0 17 4 5 . 5 6 2 . 1 8 . 4
ANT HK BLADE L 5 3 . 4 2 . 0 12 4 6 . 4 6 9 . 6 1 3 . 0
ANT HK BASE L 1 0 . 8 0 . 6 12 8 . 1 1 5 . 1 2 0 . 1
MID HK BLADE L 4 9 . 8 1 . 2 15 4 6 . 4 6 5 . 0 9 . 3
MID HK BASE L 1 5 . 0 0 . 4 1 5 1 2 . 8 1 8 . 6 1 0 . 0
POST HK BLADE L 3 7 . 5 1 . 3 14 3 2 . 5 4 6 . 4 1 3 . 1
POST HK BASE L 6 . 0 0 . 3 1 4 4 . 6 7 . 0 1 7 . 1
MID HOOK PROFI LE 3 7 4 . 7 1 8 . 5 15 2 9 6 . 0 6 0 3 . 0 1 9 . 1
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TABLE E4  
( CONTINUED)
CHARACTER MEAN S .  E . N MIN MAX
HOOK ROBUSTNESS 3 0 . 1 0 . 6 1 5 2 7 . 3 3 5 . 0
HOOK INCL ANGLE 6 . 7 1 . 5 1 7 0 . 0 1 5 . 0
STND HOOK ANGLE 0 . 2 0 . 1 15 0 . 0 0 . 5
HK ANGLE 8. PROB R 4 . 2 1 . 0 17 0 . 0 1 0 . 0
NECK WALL THICK 2 4 . 6 1 . 7 14 1 1 . 6 39 . 4
RELATIVE NECK THIC 11 . 0 0 . 7 14 5 . 7 1 6*8
LEMNI SCI LENGTH 1 3 1 2 . 2 5 4 . 7 17 9 1 8 . 0 1 7 3 4 . 0
RECEPTACLE LENGTH 1 5 6 4 . 2 5 0 . 8 17 1 1 2 2 . 0 1 8 8 7 . 0
RECEPTACLE WIDTH 2 5 2 . 4 6 . 7 1 7 2 1 4 . 0 31 6 . 0
RECEPTACLE RATIO 1 6 . 3 0 . 5 17 1 2 . 9 2 0 . 0
RECEPTACLE VOLUME 1 8 . 2 0 . 1 17 1 7 . 6 1 8 . 7
PROB V/ REC V RATIO 3 2 . 3 3 . 7 1 7 1 8 . 1 7 9 . 0
PROB L / R E C  L RATIO 3 9 . 8 1 . 7 17 3 2 . 4 5 4 .  5
REC L -  LEM L 1 7 3 . 8 5 0 . 3 17 - 4 7 9  . 0 3 8 3 . 0
XL EM L / R E C  L 8 4 . 5 3 . 6 1 7 7 0 . 0 1 3 4 . 0
HOOK NO 8 REC 1 5 . 5 0 . 5 1 7 1 1 . 2 2 0 . 0
RETINACULA TO T I P 4 4 4 .  6 21 . 7 1 7 2 5 5 . 0 6 3 2 . 0
XRET TO T I P / R E C  L 2 8 . 8 1 . 5 1 7 1 5 . 2 4 6 . 2
GANGLION TO T I P 6 1 7 . 5 2 5 . 0 1 5 4 4 9  . 0 7 9 6 . 0
XGANG TO T I P / R E C  L 4 0 . 0 2 . 0 15 3 0 . 3 6 3 . 0
XRET-XGANG 1 0 . 9 1 . 2 1 5 6 . 1 2 4 . 2
GANGLION LENGTH 2 2 7 . 0 4 . 7 1 2 1 9 7 . 0 2 5 5 . 0
RETRACTOR LENGTH 5 1 3 7 . 1 4 0 3 . 9 1 1 28  5 6 . 0 7 1 4 0 . 0
C . V .
7 . 6
9 2 . 3  
91 .  1
9 3 . 6
2 5 . 4
2 3 . 6
1 7 . 2
1 3 . 4  
1 0 . 9  
1 3 .  1
1 . 7
4 6 . 8
1 7 . 2  
1 1 9 . 4
1 7 . 4
1 3 . 7  
20 .1
2 1 . 9
1 5 . 7  
1 9 . 1






CHARACTER MEAN S .  E . N MIN MAX C . V .
XRETR/METASOME 21 . 6 0 . 9 11 1 7 . 4 2 4 . 9 1 3 . 3
MATURITY 3 . 9 0 . 5 1 7 0 . 0 5 . 0 4 9 . 5
GENITALIA LENGTH 1 6 6 1 . 8 51 . 3 13 I 3 2 6 . 0 1 8 3 6 . 0 1 1 . 1
XGEN L/METASOMA 7 . 0 0 . 4 1 3 4 . 7 9 . 8 1 9 . 7
GENITALIA TO REC 21 1 1 9 . 8 1 2 0 6 . 8 13 1 3 9  6 9 . 0 2 6 8 4 5 . 0 2 0 . 6
UTERINE BELL L 2 9 3 . 1 1 1 . 0 11 2 3 5 . 0 3 3 7 . 0 1 2 . 5
UTERUS LENGTH 1 0 9 4 . 8 3 4 . 4 1 5 8 1 6 . 0 1 2 7 5 . 0 1 2 . 2
UTERUS WIDTH 9 7 . 2 4 . 4 1 2 71 . 4 11 7 . 0 1 5 . 6
UTERUS RATIO 8 . 8 0 . 4 1 2 6 . 1 1 0 . 5 1 6 . 4
VAGINA LENGTH 2 0 2 . 7 7 . 1 15 1 4 3 . 0 2 5 5 . 0 1 3 . 5
EGG LENGTH 81  . 9 1 . 4 10 7 6 . 6 9 2 . 8 5 . 5
SPARSUS FEMALE 0 . 2 0 . 0 10 0 . 1 0 . 3 3 0 . 3
SEX C - 1 » F  > +1=M) - 1  . 0 0 . 0 1 7 - 1 . 0 - 1  . 0 0 . 0
HOST 3 . 0 0 . 0 17 3 . 0 3 . 0 0 . 0
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TABLE E5
- - POLLACK MALES------
CHARACTER MEAN S . E . N MIN MAX c . v .
TOTAL LENGTH 1 0 7 7 3 . 1 3 9 9 . 1 4 2 5 4 0  6 . 0 1 7 4 4 2 * 0 2 4 . 0
METASOMA LENGTH 101 4 9 . 6 3 9 6 . 9 4 2 4 7 6 6 * 0 1 6 7 6 9 . 0 2 5 . 3
MAXIMUM WIDTH 7 1 0 . 6 21 . 0 39 4 5 9 . 0 1 0 2 0 . 0 1 8 . 4
POST BODY WIDTH 5 6 6 . 3 2 0 . 7 39 28 6 . 0 8 5 7 . 0 ro (O . 00
BODY TAPER 1 5 7 . 4 1 2 . 7 37 - 1 0 . 8 3 6 4 . 0 4 9 . 2
PROBOSCIS LENGTH 5 6 6 . 8 6 . 9 4 2 4 6 9 . 0 6 7 3 . 0 7 . 9
PROBOSCIS WIDTH 1 9 8 . 2 2 . 1 41 1 7 3 . 0 2 4 5 . 0 6* 6
PROBOSCIS VOLUME 1 6 . 7 0 . 0 41 1 6 * 2 1 7 . 0 1 . 0
PROBOSCIS RATIO 3 5 . 2 0 . 5 41 28 . 8 4 9 . 0 9 . 4
# OF HOOK ROWS 1 9 . 9 0 . 2 4 2 1 8 . 0 2 3 . 0 5 . 3
HOOKS PER ROW 1 1 . 7 0 . 1 4 2 1 0 . 0 1 4 . 0 7 . 3
HOOK NUMBER 2 2 7 . 5 3 * 2 4 2 1 9 2 . 0 28 7 . 0 9 . 0
HOOK DI S TRI BUTI ON 5 9 . 1 0 . 8 4 2 4 7 . 8 7 2 . 2 9 . 0
HOOK DI SPERSI ON 1 7 . 2 0 . 5 38 1 1 . 9 2 5 . 4 1 8 . 6
PROB CIRC £  #ROWS 3 1 . 3 0 . 4 41 2 5 . 9 3 7 . 4 7 . 3
PROB L £ HKS/ROW 4 8 . 4 0 . 6 4 2 3 9 . 1 5 7 . 5 7 . 6
ANT HK BLADE L 4 5 . 5 0 . 8 3 7 3 4 . 8 5 8 . 0 1 0 . 4
ANT HK BASE L 9 . 1 0 . 2 37 5 . 8 1 1 . 6 1 5 . 5
MID HK BLADE L 4 5 . 7 0 . 5 39 41 . 8 5 8 . 0 7 . 2
MID HK BASE L 1 3 . 6 0 . 2 39 11 . 6 1 6 . 2 8 . 5
POST HK BLADE L 3 6 . 8 0 . 6 39 3 0 . 2 4 4 .  1 9 . 4
POST HK BASE L 5 . 7 0 . 1 39 3 . 5 8 . 1 1 6 . 0
MID HOOK PROFI LE 3 1 1 . 2 6 . 6 39 2 4 2 . 0 4 0 4 . 0 1 3 . 3
230
TABLE E5  
(CONTINUED)
CHARACTER MEAN
HOOK ROBUSTNESS 2 9 . 8
HOOK INCL ANGLE 5 . 8
STND HOOK ANGLE 0 . 2
HK ANGLE A PROB R 3 . 3
NECK WALL THICK 2 0 . 8
RELATIVE NECK THIC 1 0 . 5
LEMNI SCI LENGTH 1 0 3 5 . 9
RECEPTACLE LENGTH 1 4 0 6 . 9
RECEPTACLE WIDTH 2 4 6 . 6
RECEPTACLE RATIO 1 7 . 8
RECEPTACLE VOLUME 1 8 . 0
PROB V/ REC V RATIO 2 8 . 4
PROB L / RE C L RATIO 4 1 . 1
REC L -  LEM L 3 0 0 . 6
XLEM L / R E C  L 7 3 . 6
HOOK NO A REC 1 3 . 0
RETINACULA TO T I P  4 1 3 . 0
XRET TO T I P / R E C  L 2 9 . 7
GANGLION TO T I P  5 5 7 . 8
XGANG TO T I P / R E C  L 4 0 . 0
XRET-XGANG 1 0 . 4
GANGLION LENGTH 2 3 6 . 1
RETRACTOR LENGTH 1 9 6 9 . 1  1
S . E . N MIN MAX C . V .
IS . 39 2 4 . 0 3 5 * 0 8 . 1
1 . 0 41 0 . 0 2 5 . 0 1 1 2 . 6
0 . 0 38 0 . 0 1 . 0 1 1 3 . 0
0 . 6 4 0 0 . 0 1 4 . 3 1 1 2 . 1
1 . 1 41 9 . 3 41 . 8 3 2 . 7
0 . 5 4 0 4 . 8 2 0 . 5 31 . 2
3 2 .  6 41 6 6 3 . 0 1 5 3 0 . 0 2 0 . 1
3 3 . 9 41 1 0 2 0 . 0 19 3 8 . 0 1 5 . 4
5 . 4 4 0 1 9 4 . 0 3 0 6 . 0 1 3 . 7
0 . 4 4 0 1 2 . 1 2 4 . 5 1 4 . 5
0 . 1 4 0 1 7 . 2 1 8 . 6 2 . 1
1 . 7 4 0 1 4 . 7 5 5 . 7 3 7 . 4
1 . 0 41 2 6 . 3 5 7 . 0 1 6 . 1
2 2 . 8 41 - 6 8 . 9 5 5 9  . 0 48  .  6
1 . 6 41 5 5 . 1 1 0 0 . 0 1 3 . 6
0 . 4 4 0 7 . 9 1 9 . 6 1 9 . 5
7 . 3 41 3 3 7 . 0 5 1 0 . 0 1 1 . 3
0 . 5 41 2 4 . 2 3 6 . 4 1 0 . 5
1 1 . 6 41 3 7 7 . 0 6 9 4 . 0 1 3 . 3
0 . 8 41 31 . 0 5 2 . 8 1 2 . 2
0 . 6 41 3 . 8 2 3 . 5 3 5 . 7
4 . 0 41 1 8 6 . 0 3 1 3 . 0 1 0 . 8




CHARACTER MEAN S . E . N MIN MAX C . V .
% RETR/METASOME 1 9 . 0 0 . 5 38 1 3 . 1 2 4 . 0 1 5 . 6
MATURITY 3 . 7 0 . 1 4 2 0 . 0 4 . 0 2 5 . 0
GENITALIA LENGTH 6 7 5 9 . 4 2 7 3 . 5 41 3 0 6 0 . 0 1 1 0 1 6 . 0 2 5 . 9
XGEN L/METASOMA 6 6 . 5 0 . 4 41 61 . 6 7 0 . 7 3 . 6
GENITALIA TO REC 2 0 3 5 . 2 1 1 9 . 3 40 68 6 . 0 4 0 1 9 . 0 3 7 . 1
T E S T I S  TO RETRACT 31 . 9 2 3 . 4 4 0 - 3 0 6 . 0 5 1 0 . 0 4 6 5 . 0
ANT T E S T I S  LENGTH 9 8 7 . 6 3 9 . 0 4 0 4 4 9  . 0 1 4 7 9 . 0 2 5 . 0
ANT T E S T I S  WIDTH 2 8 4  . 6 7 . 9 4 0 1 7 3 . 0 3 9 8  . 0 1 7 . 7
POST T E S T I S  LENGTH 9 4 4 . 3 3 4 . 6 4 0 4 2 8  . 0 1 3 7 7 . 0 2 3 . 2
POST T E S T I S  WIDTH 2 8 8 . 9 9 . 5 40 1 6 3 . 0 4 2 8  . 0 2 0 . 8
T E S T I S  PROFI LE 1 2 . 5 0 . 1 4 0 1 1 . 3 1 3 . 2 3 . 3
T E S T I S  RATIO 2 9 . 7 0 . 8 4 0 21 . 8 4 0 . 3 1 7 . 0
CEM GLND CLUST L 2 2 9 1  .  6 1 1 2 . 0 4 2 7 1 4 . 0 3 8 7 6 . 0 3 1 . 7
# OF CEMENT GLANDS 6 . 0 0 .  1 4 2 5 . 0 8 . 0 5 . 8
ARR OF CEMENT GLND * * * * * * * * * * * * * 4 2 1 1 1 1 1 . 0 * * * * * * * 1 3 3 . 9
CEM GLAND L 3 8 7 . 5 1 8 . 1 41 1 1 2 . 0 7 1 4 . 0 2 9 . 9
CEM GLAND W 2 8 1  . 8 1 3 . 4 41 8 1 . 6 4 5 9  . 0 3 0 .  5
SEMINAL VES LENGTH 3 6 8 . 2 3 6 . 2 4 2 51 . 0 1 0 2 0 . 0 6 3 . 7
SF POUCH LENGTH 1 0 1 0 . 8 2 8 . 8 4 2 6 1 2 . 0 1 4 7 9 . 0 1 8 . 4
SF POUCH WIDTH 2 9 0 . 5 7 . 7 4 2 1 6 3 . 0 4 1 8 . 0 1 7 . 2
SF PCH RATIO 2 9 . 1 0 . 6 4 2 2 0 . 8 41 . 3 1 4 . 0
SPARSUS MALE 0 . 8 0 . 0 3 6 0 . 3 1 . 4 3 5 . 4
SEX ( - 1  * F  > + 1«M> 1 . 0 0 . 0 4 2 1 . 0 1 . 0 0 . 0
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TABLE E6  
-POLLACK FEMALES- -
CHARACTER MEAN
TOTAL LENGTH 2 1 8  2 0 . 3  1
METASOMA LENGTH 2 1 1 2 7 . 6  1
MAXIMUM WIDTH 7 2 7 . 3
POST BODY WIDTH 4 1 7 . 7
BODY TAPER 1 6 9 . 3
PROBOSCIS LENGTH 6 3 1 . 1
PROBOSCIS WIDTH 2 2 0 . 4
PROBOSCIS VOLUME 1 7 . 0
PROBOSCIS RATIO 3 4 . 8
# OF HOOK ROWS 2 1 . 4
HOOKS PER ROW 1 2 . 0
HOOK NUMBER 2 5 0 . 7
HOOK DI STRI BUTI ON 5 6 . 5
HOOK DI S P ERS I ON 1 7 . 5
PROB CIRC A #ROWS 3 2 . 6
PROB L A HKS/ ROV 5 2 . 6
ANT HK BLADE L 5 0 . 4
ANT HK BASE L 9 . 7
MID HK BLADE L 4 9 . 0
MID HK BASE L 1 4 . 4
POST HK BLADE L 3 7 . 6
POST HK BASE L 5 . 6
MID HOOK PROFI LE 3 5 3 . 1
S . E . N MIN MAX C . V .
0 7 8  . 5 3 3 8 6 7 0 . 0 3 2 9 4 6 . 0 2 8 . 4
0 7 7 . 5 3 3 7 9 5 2 . 0 3 2 2 1 7 . 0 2 9 . 3
31 . 8 2 6 4 2 8  . 0 1 1 2 2 . 0 2 2 . 3
2 4 . 0 2 6 2 2 4 . 0 7 4 5 . 0 2 9 . 3
1 0 . 3 2 4 8 0 . 5 28  2 . 0 2 9 . 9
6 . 6 3 4 541 . 0 6 9 4 . 0 6 . 1
2 . 5 31 1 9 4 . 0 2 4 5 . 0 6 . 3
0 . 0 31 1 6 . 6 1 7 . 3 0 . 9
0 . 4 31 2 7 . 9 3 9 . 6 7 . 0
0 . 2 3 4 2 0 . 0 2 5 . 0 5 . 6
0 . 1 3 4 11 . 0 1 3 . 0 6 . 0
3 . 7 3 4 2 1 4 . 0 2 9 2 . 0 8 . 7
0 . 7 3 4 4 4 . 0 6 5 . 0 7 . 5
0 . 6 28 I 1 . 4 2 5 . 7 1 8 . 6
0 . 4 31 2 7 . 7 3 8 . 5 6 . 9
0 . 7 3 4 4 4 . 7 6 0 . 3 8 . 1
0 . 7 2 9 41 . 8 5 5 . 7 7 . 2
0 . 3 2 9 7 . 0 1 2 . 8 1 5 . 8
0 . 6 31 3 9 . 4 5 8 . 0 7 . 1
0 . 2 31 1 1 . 6 1 6 . 2 8 . 5
0 . 6 3 2 2 7 . 8 4 4 . 1 8 . 4
0 . 2 3 2 4 . 6 8 . 1 2 0 . 5




CHARACTER MEAN S . E . N MIN MAX C . V .
HOOK ROBUSTNESS 2 9 . 4 0 . 4 31 2 4 . 0 3 5 . 3 8 . 3
HOOK INCL ANGLE 7 . 6 1 . 2 3 3 0 . 0 2 0 . 0 9 0 . 8
STND HOOK ANGLE 0 . 3 0 . 0 3 0 0 . 0 0 . 7 9 3 . 9
HK ANGLE «  PROB R 4 . 8 0 . 7 3 0 0 . 0 9 . 6 8 3 . 7
NECK WALL THICK 1 9 . 0 1 . 0 28 1 1 . 6 3 2 . 5 2 6 . 6
RELATIVE NECK THIC 8 . 7 0 . 5 2 6 4 . 9 1 5 . 2 2 8 . 3
LEMN1 SCI LENGTH 1 2 0 1 . 1 3 1 . 3 3 2 7 6 5 . 0 1 6 3 2 . 0 1 4 . 7
RECEPTACLE LENGTH 1 4 5 5 . 6 3 9 . 1 31 9 6 9 . 0 1 8 8 7 . 0 1 5 . 0
RECEPTACLE WIDTH 2 5 7 . 5 4 . 7 2 7 2 0 4 . 0 3 0 6 . 0 9 . 6
RECEPTACLE RATIO 1 8 . 4 0 . 5 2 7 1 2 . 4 2 3 . 7 1 2 . 7
RECEPTACLE VOLUME 1 8 . 1 0 . 1 2 7 1 7 . 4 18 . 6 1 . 6
PROB V / RE C V RATIO 3 5 . 3 2 . 2 2 7 1 7 . 4 7 0 . 4 31 . 9
PROB L / R E C  L RATIO 4 4 . 6 1 . 4 31 3 2 . 4 6 7 . 4 1 7 . 7
REC L -  LEM L 1 7 6 . 0 2 8 . 2 31 - 1 1 5 . 0 4 7 2 . 0 8 9 . 2
XL EM L / RE C L 8 3 . 5 1 . 7 31 6 8 . 6 1 0 4 . 0 1 1 . 6
HOOK NO A REC 1 3 . 9 0 . 4 2 7 1 0 . 4 2 0 . 8 1 5 . 5
RETINACULA TO T I P 4 0 8  .  6 1 1 . 1 30 2 6 5 . 0 5 3 0 . 0 1 4 . 9
XRET TO T I P / R E C  L 2 8 . 4 0 . 5 30 2 3 . 1 3 5 . 2 1 0 . 4
GANGLION TO T I P 5 7 4 . 2 1 3 . 9 30 4 1 8 . 0 8 3 6 . 0 1 3 . 2
XGANG TO T I P / R E C  L 4 0 . 0 0 . 7 3 0 3 3 . 3 4 6 . 4 9 . 2
XRET-XGANG 1 1 . 6 0 . 7 3 0 4 . 0 2 0 . 8 31 . 2
GANGLION LENGTH 2 3 9 . 8 3 . 6 2 7 1 9 7 . 0 2 7 8  . 0 7 . 7
RETRACTOR LENGTH 4 5 7 6 . 6 3 0 2 . 0 19 2 2 4 4 . 0 68 3 4 . 0 2 8 . 8
CHARACTER 




GENITALIA TO REC 












MEAN S . E . N MIN MAX C . V .
2 6 . 0 0 . 4 19 2 3 . 5 2 9 . 5 6 . 7
3 . 1 0 . 3 3 2 0 . 0 5 . 0 6 0 .  5
1 6 3 9 . 8 4 3 . 8 2 6 1 1 7 3 . 0 2 0 9 1  . 0 1 5 . 2
8 . 9 0 . 5 2 6 5 . 5 1 5 . 5 2 8 . 6
1 7 4 2 4 . 0 1 1 0 8 . 3 2 3 5 8 1 0 . 0 2 5 6 2 5 . 0 3 0 . 5
2 7 6 . 2 1 2 . 3 2 4 1 8 4 . 0 4 0 8 . 0 21 . 8
1 1 4 6 . 6 3 3 . 0 2 7 8 1 6 . 0 1 4 7 9 . 0 1 7 . 2
9 1 . 0 3 . 0 2 6 6 6 . 3 1 2 2 . 0 1 6 . 7
7 . 9 0 . 2 2 5 5 . 4 9 . 5 1 5 . 8
1 9 8 . 7 5 . 6 2 7 1 4 3 . 0 2 6 5 . 0 1 4 .  5
7 6 . 1 1 . 6 1 5 6 7 . 3 8 5 . 8 8 . 3
0 . 2 0 . 0 18 0 . 1 0 . 3 3 6 . 3
- 1  . 0 0 . 0 3 4 - 1 . 0 - 1 . 0 0 . 0




CHARACTER MEAN S . E . N MIN MAX C . V .
TOTAL LENGTH 1 2 0 0 9 . 5 2 0 3 . 9 181 7 0 3 8 . 0 2 0 4 0 0 . 0 2 2 . 8
META SOMA LENGTH 1 1 3 7 2 . 8 21 1 . 5 1 6 9 6 4 2 1 . 0 1 9 7 2 7 . 0 2 4 * 2
MAXIMUM WIDTH 9 4 5 . 2 1 6 . 3 1 4 2 59 2 . 0 15 8 1  . 0 2 0 . 5
POST BODY WIDTH 7 5 4 . 3 1 3 . 6 1 4 7 4 2 8  . 0 1 2 2 4 . 0 21 . 9
BODY TAPER 1 6 6 . 8 8 . 9 1 10 - 5 7 . 1 3 8 3 . 0 5 5 . 9
PROBOSCIS LENGTH 6 6 0 * 6 3 . 3 1 7 6 5 6 1  . 0 7 9 6 . 0 6 . 5
PROBOSCIS WIDTH 2 2 5 . 9 1 . 1 1 7 7 1 8 4 . 0 2 7 5 . 0 6 . 6
PROBOSCIS VOLUME 1 7 . 1 0 . 0 1 69 1 6 . 7 1 7 . 5 0 . 9
PROBOSCIS RATIO 3 4 . 3 0 . 2 16 9 2 7 . 7 4 3 . 3 8 . 8
# OF HOOK ROWS 1 6 . 5 0 . 1 181 1 4 . 0 1 9 . 0 5 . 9
HOOKS PER ROW 1 0 . 4 0 . 1 1 3 5 9 . 0 1 1 . 0 6 . 0
HOOK NUMBER 1 6 7 .  1 1 . 1 1 3 3 1 3 9 . 0 2 0 3 . 0 7 . 5
HOOK DI STRI BUTI ON 6 2 . 6 0 . 5 1 3 3 5 0 . 0 7 8 . 6 8 . 7
HOOK DI SPERSI ON 2 5 . 8 0 . 4 121 1 6 . 4 4 2 . 0 1 7 . 0
PROB CIRC A iROWS 4 3 . 1 0 . 2 1 7 6 3 5 . 8 5 2 . 6 7 . 1
PROB L A HKS/ROW 6 3 * 4 0 . 5 1 2 9 51 . 0 7 9 . 6 8 . 5
ANT HK BLADE L 5 2 . 5 0 . 4 9 5 4 4 . 1 6 2 . 6 8 . 1
ANT HK BASE L 9 . 9 0 . 1 9 0 7 . 0 1 2 . 8 1 3 . 3
MID HK BLADE L 5 7 . 9 0 . 3 1 5 6 4 6 . 4 6 7 . 3 6 . 1
MID HK BASE L 1 4 . 9 0 . 1 1 5 6 1 1 . 6 1 8 . 6 9 . 2
POST HK BLADE L 4 3 . 2 0 . 3 1 5 6 3 4 . 8 5 3 . 4 9 . 3
POST HK BASE L 6 . 9 0 . 1 1 5 6 4 . 6 1 0 . 4 1 4 . 8




CHARACTER MEAN S . E . N MIN MAX C . V .
HOOK ROBUSTNESS 2 5 . 9 0 . 2 1 4 4 2 0 . 0 3 3 . 3 8 . 8
HOOK INCL ANGLE 3 . 6 0 . 3 161 0 . 0 1 5 . 0 1 0 6 . 1
STND HOOK ANGLE 0 . 1 0 . 0 1 4 2 0 . 0 0 . 5 1 0 4 . 2
HK ANGLE £  PROB R 2 . 2 0 . 2 151 0 . 0 7 . 8 1 0 3 .  6
NECK VALL THICK 5 3 . 9 1 . 3 1 1 6 1 1 . 6 9 7 . 4 2 5 . 1
RELATIVE NECK THIC 2 4 . 1 0 . 5 111 1 0 . 1 3 9 . 8 2 3 . 2
LEMNI SCI LENGTH 1 1 0 7 . 8 1 6 . 9 178 6 1 2 . 0 1 78 5  . 0 2 0 . 3
RECEPTACLE LENGTH 1 3 3 0 . 0 1 3 . 7 1 7 6 4 5 9 . 0 1 78 5 . 0 1 3 . 7
RECEPTACLE WIDTH 2 4 8 . 7 2 . 1 1 4 6 1 9 4 . 0 3 2 6 . 0 1 0 . 2
RECEPTACLE RATIO 1 8 . 8 0 . 2 1 4 6 1 2 . 1 2 6 . 4 1 4 . 9
RECEPTACLE VOLUME 1 8 . 0 0 . 0 1 4 6 1 7 . 2 1 8 . 6 1 . 5
PROB V/ REC V RATIO 4 2 . 7 1 . 0 1 4 6 1 7 . 4 8 9 . 7 2 9 . 2
PROB L / RE C L RATIO 5 0 . 8 0 . 8 1 6 5 3 4 . 3 1 4 0 . 0 1 9 . 8
REC L -  LEM L 1 5 3 . 2 1 9 . 6 1 7 5 - 6 5 1 . 0 7 0 3 . 0 1 6 9 . 4
XLEM L / RE C L 8 4 . 9 1 . 6 1 7 5 51 . 3 1 7 8 . 0 2 4 . 2
HOOK NO & REC 9 . 0 0 . 1 1 1 8 5 . 9 1 2 . 8 1 7 . 7
RETINACULA TO T I P 3 5 9 . 1 4 . 5 171 2 0 4 . 0 5 1 0 . 0 1 6 . 5
XRET TO T I P / R E C  L 2 7 . 2 0 . 4 169 1 2 . 1 8 8 . 9 21 . 4
GANGLION TO T I P 5 5 5 . 7 6 * 3 1 6 2 3 0 6 . 0 7 6 5 . 0 1 4 .  5
XGANG TO T I P / R E C  L 4 2 . 6 0 . 8 1 5 9 2 4 . 0 1 4 4 . 0 2 3 . 7
XRET-XGANG 1 5 . 2 0 . 5 1 5 7 - 7 . 1 5 5 . 6 4 2 . 2
GANGLION LENGTH 2 7 3 . 2 2 . 7 8 4 2 0 9 . 0 3 2 5 . 0 9 . 0
RETRACTOR LENGTH 2 7 1 4 . 5 1 0 1 . 5 8 3 9  5 9 . 0 4 9 1 2 . 0 3 4 . 1
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t a b l e  E7
(CONTINUED)
CHARACTER MEAN S . E . N MIN MAX C . V .
XRETR/METASOME 21 . 8 0 . 4 8 3 1 1 . 0 3 3 . 8 1 8 . 7
MATURITY 3 * 6 0 . 1 1 7 2 0 . 0 4 . 0 21 . 3
GENITALIA LENGTH 6 7 4 7 . 5 1 4 6 . 6 1 3 5 4 3 3 5 . 0 1 1 6 2 8 . 0 2 5 . 2
*GEN L/METASOMA 5 7 . 7 0 . 4 1 2 6 4 8  . 8 6 8 . 8 6 . 8
GENITALIA TO REC 3 7 3 2 . 6 1 2 3 . 7 1 2 0 1 0 1 5 . 0 7 6 2 3 . 0 3 6 . 3
T E S T I S  TO RETRACT 1 1 4 3 . 3 7 2 . 7 98 - 2 0 4 . 0 3 5 7 0 . 0 6 3 . 0
ANT T E S T I S  LENGTH 1 1 6 9 . 9 3 4 . 6 9 9 7 1 4 . 0 2 0 9 1  . 0 2 9 . 4
ANT T E S T I S  WIDTH 4 6 8 . 4 8 . 9 1 2 4 2 5 5 . 0 8 1  6 . 0 21 . 2
POST T E S T I S  LENGTH 1 1 1 2 . 1 3 1 . 2 101 6 6 3 . 0 2 1 4 2 . 0 2 8 . 2
POST T E S T I S  WIDTH 4 5 3 . 6 9 . 5 121 2 6 5 . 0 7 8 5 . 0 2 2 . 9
T E S T I S  PROFI LE 1 3 . 2 0 . 0 9 8 1 2 . 2 1 4 . 2 3 . 6
T E S T I S  RATIO 4 0 . 8 0 . 6 9 8 3 1 . 3 6 8 . 6 1 5 . 4
CEM GLND CLUST L 2 1 4 1 . 2 4 9 . 6 1 6 2 1 0 7 1  . 0 4 2 8 4 . 0 2 9 . 5
# OF CEMENT GLANDS 6 . 0 0 . 0 168 3 . 0 1 2 . 0 9 . 8
ARR OF CEMENT GLND 5 0 3 2 9 . 2 3 9 0 9 . 5 1 6 9 3 2 . 0 * * * * * * * 101  . 0
CEM GLAND L 4 5 9  . 0 1 0 . 9 1 6 4 2 0 4 . 0 1 0 2 0 . 0 3 0 . 4
CEM GLAND W 3 1 8 . 2 7 . 8 1 6 4 1 3 3 . 0 7 1 4 . 0 3 1 . 5
SEMINAL VES LENGTH 2 0 9 . 1 1 1 . 6 129 0 . 0 6 6 3 . 0 6 3 . 0
SF POUCH LENGTH 8 7 0 . 5 9 . 3 171 2 8 6 . 0 1 1 7 3 . 0 1 4 . 0
SF POUCH WIDTH 3 8 0 . 4 4 . 1 1 7 0 2 0 4 . 0 5 2 0 . 0 1 4 . 1
SF PCH RATIO 4 3 . 9 0 . 4 168 31 . 8 71 . 4 1 1 . 6
SPARSUS MALE 5 . 1 0 . 2 8 7 2 . 5 1 0 . 7 3 6 . 7
SEX < - 1  « F  * + 1»M> 1 . 0 0 . 0 191 1 . 0 1 . 0 0 . 0
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TABLE ES
- - S P A R S E  FEMALES- -
CHARACTER MEAN S . E . N MIN MAX C . V .
TOTAL LENGTH 2 0 5 3 4 * 9 32 8  . 4 1 51 1 1 4 2 4 . 0 3 6 0 0 0 . 0 1 9 . 6
METASOMA LENGTH 1 9 7 0 2 . 3 3 5 2 . 3 1 3 2 1 18 7 9 . 0 3 5 1 4 7 . 0 2 0 . 5
MAXIMUM WIDTH 1 0 3 3 . 4 1 8 . 2 108 1 0 2 . 0 1 581  . 0 1 8 . 3
POST BODY WIDTH 7 0 3 . 0 1 0 . 9 1 19 4 2 8  . 0 1 3 7 7 . 0 1 7 . 0
BODY TAPER 1 7 3 . 5 7 . 4 7 6 0 . 0 361  . 0 3 7 . 0
PROBOSCIS LENGTH 7 1 4 . 1 4 . 2 1 3 6 561  . 0 3 1  6 . 0 6 . 9
PROBOSCIS WIDTH 2 5 2 . 4 1 . 3 1 2 9 2 1 4 . 0 29  6 . 0 5 . 7
PROBOSCIS VOLUME 1 7 . 4 0 . 0 1 19 1 7 . 0 1 7 . 8 0 . 8
PROBOSCIS RATIO 3 5 . 3 0 . 3 1 19 3 0 . 0 4 3 . 6 8 . 8
# OF HOOK ROWS 1 7 . 1 0 . 1 128 1 5 . 0 21 . 0 6 . 0
HOOKS PER ROW 1 0 . 4 0 . 1 9 6 9 . 0 11 . 0 5 . 8
HOOK NUMBER 1 7 3 . 1 1 . 5 91 1 4 5 . 0 2 0 5 . 0 8 . 4
HOOK DI S TRI BUTI ON 6 0 . 5 0 . 5 91 4 7 . 4 7 3 . 3 8 . 6
HOOK DI S PERS I ON 2 2 . 8 0 . 4 79 1 5 . 2 3 4 . 8 1 7 . 0
PROB CIRC & #ROWS 4 6 . 4 0 . 3 119 3 9 . 2 5 4 . 1 6 . 1
PROB L & HKS/ROW 6 8 . 4 0 . 6 9 4 51 . 0 8 5 . 0 8 . 3
ANT HK BLADE L 5 6 . 6 0 . 6 48 4 8 . 7 6 9 . 6 7 . 8
ANT HK BASE L 1 0 . 5 0 . 2 58 7 . 0 1 3 . 9 1 6 . 0
MID HK BLADE L 6 2 . 6 0 . 4 108 51 . 0 6 9 . 6 6 . 2
MID HK BASE L 1 7 . 0 0 . 1 1 1 7 1 3 . 9 2 0 . 9 8 . 6
POST HK BLADE L 4 6 . 8 0 . 4 1 1 4 3 7 . 1 5 5 . 7 8 . 0
POST HK BASE L 7 . 5 0 . 1 1 2 4 4 . 6 1 1 . 6 1 4 . 2




CHARACTER MEAN S . E . N MIN MAX C . V .
HOOK ROBUSTNESS 2 7 . 3 0 . 2 1 0 0 2 2 . 2 3 2 . 1 8 . 4
HOOK INCL ANGLE 3 . 8 0 . 3 11 1 0 . 0 1 5 . 0 9 0 . 9
STND HOOK ANGLE 0 . 1 0 . 0 9 4 0 . 0 0 . 5 8 8 . 4
HK ANGLE A PROB R 2 . 4 0 . 2 9 3 0 . 0 1 1 . 2 9 3 . 0
NECK WALL THICK 5 3 . 2 0 . 9 121 1 6 . 2 8 1 . 2 1 9 . 5
RELATIVE NECK THIC 2 1 . 2 0 . 3 1 0 7 1 3 . 6 3 4 . 6 1 6 . 8
LEMNI SCI LENGTH 1 1 5 0 . 9 1 4 . 1 1 4 3 8 1 6 . 0 1 68 3  . 0 1 4 . 6
RECEPTACLE LENGTH 1 4 4 7 . 7 1 3 . 3 1 4 4 9 1 8 . 0 1 8 8 7 . 0 11 . 0
RECEPTACLE WIDTH 2 7 0 . 8 3 . 0 1 0 5 1 9 4 . 0 3 7 7 . 0 1 1 . 5
RECEPTACLE RATIO 1 8 . 8 0 . 3 1 0 5 1 2 . 3 2 8 . 2 1 4 . 7
RECEPTACLE VOLUME 1 8 . 2 0 . 0 1 0 5 1 7 . 6 1 9 . 0 1 .  5
PROB V/ REC V RATIO 4 5 . 3 1 . 3 1 0 5 1 8 . 3 8 5 . 8 3 0 . 0
PROB L / RE C L RATIO 4 9 . 8 0 . 5 128 3 7 . 1 8 3 . 3 1 2 . 5
REC L -  LEM L 2 2 2 . 6 1 5 . 1 141 - 3 2 6 . 0 7 7 8 . 0 8 0 . 6
XL EM L/ REC L 8 0 . 1 1 . 0 141 51 . 4 1 1 8 . 0 1 4 . 7
HOOK NO A REC 9 . 2 0 . 2 78 5 . 6 1 2 . 1 1 5 . 8
RETINACULA TO T I P 4 0 2 . 5 4 . 7 1 3 4 2 5 5 . 0 5 6 1  . 0 1 3 . 6
XRET TO T I P / R E C  L 2 7 . 9 0 . 3 1 3 2 21 . 6 4 0 . 0 1 0 .  5
GANGLION TO T I P 6 3 2 . 6 7 . 7 1 3 3 3 0 6 . 0 8 2 6 . 0 1 4 . 0
XGANG TO T I P / R E C  L 4 3 . 9 0 . 5 131 21 . 4 61 . 5 1 2 . 6
XRET-XGANG 1 6 . 1 0 . 4 1 2 5 - 1 . 6 3 2 . 2 2 9 . 8
GANGLION LENGTH 2 7 8 . 3 4 . 7 2 3 2 3 2 . 0 3 3 6 . 0 8 . 1




CHARACTER MEAN S . E . N MIN MAX C . V .
XRETR/METASOME 2 4 . 2 0 . 4 91 1 5 . 4 3 9 . 2 1 7 . 6
MATURITY 2 . 0 0 . 1 1 4 5 0 . 0 5 . 0 6 3 . 5
GENITALIA LENGTH 1 6 4 6 . 9 1 4 . 5 1 2 6 1 1 7 3 . 0 2 1 4 2 . 0 9 . 9
XGEN L/METASOMA 8 . 9 0 . 2 1 0 9 4 . 8 1 3 . 3 1 8 . 9
GENI TALI A TO REC 1 6 2 1 6 . 0 3 8 2 . 3 1 0 4 9 3 8 0 . 0 3 1 9 3 4 . 0 2 4 . 0
UTERINE BELL L 4 1 0 . 5 8 . 1 1 2 4 2 0 4 . 0 6 1 2 . 0 2 2 . 0
UTERUS LENGTH 1 0 1 9 . 2 1 0 . 7 1 4 0 7 1 4 . 0 1 4 2 8 . 0 1 2 . 4
UTERUS WIDTH 1 4 3 . 4 2 . 0 1 3 5 1 0 2 . 0 2 1 4 . 0 1 6 . 6
UTERUS RATIO 1 4 . 3 0 . 3 1 2 7 7 . 9 2 7 . 1 2 2 . 9
VAGINA LENGTH 2 1 8 . 2 1 . 4 1 4 2 1 7 3 . 0 2 6 5 . 0 7 . 5
EGG LENGTH 0 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
SPARSUS FEMALE 1 * 3 0 . 1 6 7 0 . 6 2 . 3 3 3 . 0
SEX ( - 1  = F ;  + 1 =M) - 1 . 0 0 . 0 1 5 6 - 1 . 0 - 1  . 0 0 . 0
HOST 1 . 0 0 . 0 1 5 6 1 . 0 1 . 0 0 . 0
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TABLE E9
- -FLOUNDER M AL E S- -
CHARACTER MEAN S . E . N MIN MAX C . V .
TOTAL LENGTH 1 8 9 5 2 . 6 7 4 2 . 9 21 1 2 8 5 2 . 0 2 5 2 9  6 . 0 1 8 . 0
METASOMA LENGTH 1 8 0 0 5 . 7 7 4 0 . 8 21 1 1 8 4 2 . 0 2 4 3 2 0 . 0 1 8 . 9
MAXIMUM WIDTH I 1 3 5 . 7 3 3 . 8 2 0 7 6 5 . 0 1 3 4 6 . 0 1 3 . 3
POST BODY WIDTH 8 9 8 . 1 2 4 . 3 21 71 4 . 0 1 0 7 1  . 0 1 2 . 4
BODY TAPER 1 2 8 . 4 1 5 . 1 20 - 3 2 . 5 2 3 9 . 0 5 2 . 7
PROBOSCIS LENGTH 8 6 0 . 6 8 . 5 21 7 9 6 . 0 9  38 . 0 4 . 5
PROBOSCIS WIDTH 2 5 4 . 3 5 . 5 21 2 0 4 . 0 3 0 6 . 0 9 . 9
PROBOSCIS VOLUME 1 7 . 6 0 . 0 21 1 7 . 2 1 8 . 0 1 . 2
PROBOSCIS RATIO 2 9 . 6 0 . 7 21 2 2 . 2 3 5 . 0 1 0 . 2
# OF HOOK ROWS 2 0 . 1 0 . 2 2 0 1 9 . 0 to to • 3 . 9
HOOKS PER ROW 1 4 . 0 0 . 2 2 0 1 2 . 0 1 5 . 0 4 . 9
HOOK NUMBER 2 7 7 . 4 3 . 4 19 2 5 9 . 0 3 2 2 . 0 5 . 4
HOOK DIST RIB UT IO N 7 0 . 5 0 . 9 19 61 . 9 7 8 . 9 5 . 5
HOOK D ISPERSIO N I 7 . 9 0 . 9 18 1 3 . 0 2 6 . 3 2 0 . 5
PROB CIRC & #ROWS 3 9 . 8 1 . 0 20 3 0 . 5 4 8 . 1 1 0 . 8
PROB L & HKS/ROW 61 . 4 0 . 9 2 0 5 6 . 8 7 2 . 2 6 .  5
ANT HK BLADE L 6 2 . 0 1 . 3 19 51 . 0 7 4 . 2 9 . 4
ANT HK BASE L 1 1 . 5 0 . 5 19 8 . 1 1 7 . 4 1 8 . 1
MID HK BLADE L 6 3 . 0 1 . 0 2 0 5 1 . 0 6 9 . 6 7 . 3
MID HK BASE L 1 6 . 9 0 . 3 2 0 1 3 . 9 1 3 . 6 7 . 9
POST HK BLADE L 4 7 . 7 0 . 9 21 3 9 . 4 5 5 . 7 9 . 0
POST HK BASE L 7 . 0 0 . 3 21 4 . 6 1 0 . 4 21 . 8




CHARACTER MEAN S . E . N MIN MAX C . V .
HOOK ROBUSTNESS 2 6 . 3 0 . 4 2 0 2 4 . 1 3 2 . 0 7 . 0
HOOK INCL ANGLE 9 . 6 1 . 4 19 0 . 0 2 0 . 0 6 2  .  6
STND HOOK ANGLE 0 . 4 0 . 1 19 0 . 0 0 . 8 6 5 . 9
HK ANGLE « PROB R 5 . 0 0 . 7 19 0 . 0 1 0 . 5 61 . 9
NECK VALL THICK 3 4 . 4 2 . 3 18 1 1 . 6 5 3 . 4 2 8 . 2
RELATIVE NECK THIC 1 3 . 5 0 . 9 18 4 . 4 2 0 . 7 2 7 . 8
LEMNI SCI LENGTH 1 5 7 0 . 8 6 6 . 5 2 0 9 6 9 . 0 2 0 4 0 . 0 1 8 . 9
RECEPTACLE LENGTH 1 9 4 5 . 3 71 . 9 21 1 3 7 7 . 0 2 7 0 3 . 0 1 6 . 9
RECEPTACLE WIDTH 3 1 4 . 3 5 . 7 21 2 5 5 . 0 3 6 7 . 0 8 . 3
RECEPTACLE RATIO 1 6 . 6 0 . 6 21 1 0 . 9 2 3 . 0 1 7 . 4
RECEPTACLE VOLUME 1 8 . 8 0 . 1 21 18 . 2 1 9 . 2 1 . 4
PROB V/REC V RATIO 3 0 . 4 2 . 0 21 1 8 . 3
CO•in 2 9 . 7
PROB L / R E C  L RATIO 4 5 . 4 1 . 6 21 3 1 . 7 5 8 . 0 1 6 . 6
REC L -  LEM L 2 8 6 . 3 5 4 . 8 2 0 - 1 4 0 . 0 8 3 4 . 0 8 5 . 7
XLEM L / R E C  L 8 0 . 8 2 . 6 2 0 61 . 3 1 0 3 . 0 1 4 . 6
HOOK NO «  REC 1 7 . 2 0 . 7 19 1 1 . 9 2 3 . 7 1 7 . 4
RETINACULA TO T I P 541 . 1 1 9 . 6 21 3 5 7 . 0 7 7 5 . 0 1 6 . 6
XRET TO T I P / R E C  L 2 8 . 0 0 . 7 21 2 2 . 9 3 5 . 5 1 1 . 5
GANGLION TO T I P 7 5 8 . 7 2 4 . 4 19 59 2 . 0 1 0 4 0 . 0 1 4 . 0
XGANG TO T I P / R E C  L 3 8 . 8 1 . 1 19 31 . 4 5 0 . 4 1 1 . 8
XRET-XGANG 1 1 . 3 1 . 0 19 4 . 3 2 4 . 4 3 9 . 4
GANGLION LENGTH 2 7 3 . 9 7 . 0 19 1 9 7 . 0 3 1 3 . 0 11 . 2
RETRACTOR LENGTH 3 5 1 0 . 9 2 2 7 . 8 2 0 2 0 3 2 . 0 5 3 2 4 . 0 2 9 . 0
TABLE E9
(CONTINUED)
CHARACTER MEAN S . E . N MIN MAX C . V .
%RETR/METASOME 1 9 . 3 0 . 7 2 0 1 2 . 8 2 5 . 0 1 5 . 1
MATURITY 4 . 0 0 . 0 21 4 . 0 4 . 0 0 . 0
GENITALIA LENGTH 11 691  .  1 4 6 5 . 5 21 7 7 5 2 . 0 1 6 4 2 2 . 0 1 8 . 2
XGEN L/METASOMA 6 5 . 1 0 . 8 21 5 6 . 4 7 4 . 7 5 . 9
GENITALIA TO REC 4 3 6 9 . 3 3 1 4 . 2 21 2 1 4 2 . 0 7 1 6 0 . 0 3 3 . 0
T E S T I S  TO RETRACT 8 4 4 . 0 1 4 8 . 3 20 - 4 0 8 . 0 1 8 3 6 . 0 7 8 . 6
ANT TESTI S LENGTH 17 69 .  7 4 9 . 9 20 1 3 2 6 . 0 2 0 9 1 . 0 1 2 . 6
ANT T E S T I S  WIDTH 571  . 7 2 6 . 5 18 3 8 8 . 0 8 1  6 . 0 1 9 . 7
POST T E S T I S  LENGTH 1 6 8  5 . 7 5 1 . 2 19 1 2 7 5 . 0 2 0 4 0 . 0 1 3 . 2
POST T E S T I S  WIDTH 5 61  . 0 2 7 . 9 1 7 4 0 8  . 0 81 6 . 0 2 0 . 5
T E S T I S  PROFILE 1 3 . 8 0 . 1 18 1 3 . 3 1 4 . 3 2 . 0
T E S T I S  RATIO 3 2 .  7 1 . 4 18 2 2 . 5 4 2 . 9 1 7 . 9
CEM GLND CLUST L 4 2 6 2 . 1 2 1 4 . 5 21 2 2 4 4 . 0 6 1 2 0 . 0 2 3 .  1
# OF CEMENT GLANDS 6 . 0 0 . 1 2 0 6 . 0 7 . 0 3 . 7
ARR OF CEMENT GLND * * * * * * * * * * * * * 21 1 1 2 1 1 . 0 * * * * * * * 1 4 3 . 1
CEM GLAND L 7 3 8 . 3 3 4 . 6 21 3 8 8 . 0 1 0 2 0 . 0 21 . 4
CEM GLAND W 5 6 2 . 0 2 1 . 6 21 3 3 8  . 0 7 1 4 . 0 1 7 . 6
SEMINAL VES LENGTH 7 9 9 . 0 7 7 . 9 21 2 0 4 . 0 1 5 3 0 . 0 4 4 . 7
SF POUCH LENGTH 1 4 1 2 . 7 4 7 . 5 2 0 1 0 2 0 . 0 1 6 8 3 . 0 1 5 . 0
SF POUCH WIDTH 4 2 9 . 3 1 0 . 6 21 3 0 6 . 0 541 . 0 1 1 * 3
SF PCH RATIO 3 0 . 9 1*1 2 0 2 4 . 7 4 2 . 0 1 6 . 5
SPARSUS MALE 0 . 8 0 . 1 16 0 . 3 1 . 5 3 9 . 4
SEX ( - I « F  ,  + 1« M ) 1 . 0 0 . 0 21 1 . 0 1 . 0 0 . 0
TABLE El 0
FLOUNDER FEMALES
CHARACTER MEAN S .  E« N MIN MAX C . V .
TOTAL LENGTH 3 8 9 1 3 . 0 3 3 5 5 . 6 1 6 1 4 0 7 6 . 0 6 1 8 1 2 . 0 3 4 . 5
METASOMA LENGTH 3 7 8 9 6 . 2 3 3 3 2 . 1 1 6 1 3 4  59 . 0 6 0  6 3 4 . 0 3 5 . 2
MAXIMUM WIDTH 1 3 9 5 . 9 1 0 9 . 8 1 4 8 6 7 . 0 2 0 4 0 . 0 2 9 . 4
POST BODY WIDTH 9 0 6 . 6 6 2 . 1 1 6 3 8 8 . 0 1 2 7 5 . 0 2 7 . 4
BODY TAPER 1 3 5 . 2 2 1 . 6 1 4 3 7 . 0 3 5 6 . 0 5 9 . 9
PROBOSCIS LENGTH 9 2 4 . 5 3 0 . 9 1 6 5 6 1  . 0 1 0 7 1  . 0 1 3 . 4
PROBOSCIS WIDTH 2 8 9 . 4 9 . 0 1 6 2 0 4 . 0 3 3 7 . 0 1 2 . 5
PROBOSCIS VOLUME 1 7 . 9 0 . 1 1 6 1 6 . 9 1 8 . 4 2 . 2
PROBOSCIS RATIO 3 1 . 6 1 . 0 1 6 2 5 . 0 4 0  .  0 1 2 . 7
# OF HOOK ROWS 21 . 8 0 . 3 1 6 2 0 . 0 2 4 . 0 6 . 1
HOOKS PER ROW 1 3 . 9 0 . 2 16 1 2 . 0 1 5 . 0 5 . 8
HOOK NUMBER 2 9 5 . 9 7 . 5 1 6 2 5 8 . 0 3 5 2 . 0 1 0 . 1
HOOK DIST RIB UTIO N 6 3 . 8 1 . 1 16 5 4 . 5 7 0 . 0 6 . 8
HOOK DIS P E R SI O N 1 8 . 4 1 . 2 1 2 1 2 . 0 2 6 . 1 2 3 . 2
PROB CIRC A #ROWS 41 . 7 1 . 3 1 6 3 0 . 5 4 8 .  1 1 2 . 1
PROB L *  HKS/ROW 6 6 . 7 2 . 1 1 6 4 0 .  1 7 5 . 0 1 2 . 4
ANT HK BLADE L 6 7 . 3 3 . 3 8 4 6 .  4 7 6 . 6 1 3 . 7
ANT HK BASE L 1 2 . 0 0 . 5 8 1 0 . 4 1 3 . 9 11 . 4
MID HK BLADE L 6 7 . 3 2 . 0 1 2 5 3 . 4 7 6 . 6 1 0 . 1
MID HK BASE L 1 7 . 5 0 . 5 1 2 1 5 . 1 2 0 . 9 1 0 . 4
POST HK BLADE L 5 0 . 1 1 . 8 1 2 41 . 8 6 2 . 6 1 2 . 3
POST HK BASE L 7 . 3 0 . 3 12 5 . 8 9 . 3 1 4 . 0




CHARACTER MEAN S . E . N MIN MAX C . V .
HOOK ROBUSTNESS 2 6 . 1 0 . 7 1 2 21 . 0 2 9 . 0 9 . A
HOOK INCL ANGLE 7 . 9 2 . 0 1 3 - 1  . 0 2 0 . 0 8 8 . 9
STND HOOK ANGLE 0 . 3 0 . 1 12 - 0  • 0 0 . 7 9 0 . 1
HK ANGLE 4 PROB R A .  A 1 . 2 13 - 0 . 7 1 3 . 7 9 6 . 3
NECK WALL THICK 3 5 . 9 2 . 1 13 2 3 . 2 A 6 . A 21 . 2
RELATIVE NECK THIC 1 2 . 5 0 . 6 13 7 . 3 1 5 . 2 1 7 . A
LEMNI SCI LENGTH 1 5 6 8  . 2 9 8  . 8 1 6 9 6 9 . 0 2 1 A 2 . 0 2 5 . 2
RECEPTACLE LENGTH 1 7 3 6 . 6 7 5 . A 16 1 1 2 2 . 0 2 1 A 2 . 0 1 7 . A
RECEPTACLE WIDTH 3 2 2 . 3 1 0 . A 15 2 A 5 . 0 3 9 8 . 0 1 2 . 5
RECEPTACLE RATIO 1 9 . 0 0 . 8 15 1 3 . 2 2 A . 5 1 7 . 0
RECEPTACLE VOLUME 1 8 . 7 0 . 1 1 5 1 8 . 0 1 9 . 3 2 . 0
PROB V/REC V RATIO A 5 . 8 3 . 9 15 1 A . 2 7 0 .  A 3 2 . 6
PROB L /R E C  L RATIO 5 A . 3 2 .  A 16 3 8 . 0 7 3 . 1 1 7 . 6
REC L -  LEM L 8 1 . 6 6 2 . 5 16 - 3 8 8 . 0 A 2 3 . 0 3 0 6 . A
XLEM L / R E C  L 8 9 . 9 3 . 6 1 6 7 0 . 6 1 1 9 . 0 1 6 . 0
HOOK NO A REC 1 5 . 9 0 . 8 15 1 1 .A 2 2 . 0 1 9 . A
RETINACULA TO T I P A 6 9 .  9 2 5 . 9 13 2 6 5 . 0 6 1 2 . 0 1 9 . 9
XRET TO T I P / R E C  L 2 6 * 9 1 . 3 1 3 2 0 . 0 3 5 . A 1 7 .  A
GANGLION TO T I P 7 2 6 . 7 2 8 . 1 1 2 5 0 0 . 0 8 6 7 . 0 1 3 . A
XGANG TO T I P / R E C  L A 0 . 3 1 . 3 1 2 3 A . A A 8 . 1 1 1 . 1
XRET-XGANG 1 A* 6 1 . 2 1 2 7 . 7 2 0 . 9 2 8 .  1
GANGLION LENGTH 2 7 3 . 0 1 0 . 8 11 2 2 0 . 0 3 2 5 . 0 1 3 . 1




CHARACTER MEAN S . E . N MIN MAX C . V .
XRETR/METASOME 21 . 2 1 . 3 13 1 3 . 0 3 2 . 6 21 . 8
MATURITY 4 . 0 0 . 4 1 6 0 . 0 5 . 0 3 5 . 4
GENITALIA LENGTH 2 2 1 2 . 6 1 0 6 . 0 1 4 1 4 2 8  . 0 3 0 6 0 . 0 1 7 . 9
XGEN L/METASOMA 6 . 2 0 . 7 1 4 2 . 9 1 3 . 6 41 . 4
GENITALIA TO REC 3 5 8 8 1 . 2 3 3 68  . 4 1 4 1 0 5 0 1  . 0 5 6 0 2 3 . 0 3 5 . 1
UTERINE BELL L 3 6 9 . 5 1 4 . 0 13 2 7 5 . 0 4 6 9  . 0 1 3 . 7
UTERUS LENGTH 1 5 8  4 . 6 8 3 . 8 14 1 0 2 0 . 0 2 2 4 4 . 0 1 9 . 8
UTERUS WIDTH 121 . 3 7 . 2 16 1 0 2 . 0 2 1 4 . 0 2 3 . 8
UTERUS RATIO 7 . 9 0 . 5 14 5 . 3 11 . 7 2 4 . 6
VAGINA LENGTH 2 5 9 . 2 1 0 . 0 1 4 1 7 3 . 0 3 1 6 . 0 1 4 . 4
EGG LENGTH 9 4 . 4 1 . 2 10 8 5 . 8 9 7 . 4 4 . 0
SPARSUS FEMALE 0 . 2 0 . 0 8 0 . 1 0 . 3 3 0 .  5
SEX < - l » F  ,  + 1 *M) - 1  . 0 0 . 0 1 6 - 1 . 0 - 1  . 0 0 . 0
HOST 1 . 0 0 . 0 16 1 . 0 1 . 0 0 . 0
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TABLE El 1 
E LEI DTI M *  F
CHARACTER MEAN S . E . N MIN MAX C . V .
TOTAL LENGTH 1 5 9 3 1 . 6 1 1 8 7 . 1 13 5 6 1 0 . 0 2 2 6 4 4 . 0 2 6 . 9
META SOMA LENGTH 1 4 9 4 1 . 7 1 1 9 0 . 3 1 3 4 3 7 6 . 0 2 1 4 6 6 . 0 2 8 . 7
MAXIMUM WIDTH 1 0 8 0 . 3 5 2 . 3 1 1 7 1 4 . 0 1 2 7 5 . 0 1 6 . 1
POST BODY WIDTH 68 2 . 3 3 9 . 6 10 5 3 0 . 0 9 1 8 . 0 1 8 . 4
BODY TAPER 28 5 . 2 71 . 3 9 0 . 0 7 6 9 . 0 7 5 . 0
PROBOSCIS LENGTH 9 0 5 . 3 3 3 . 5 1 6 61 2 . 0 1 1 2 2 . 0 1 4 . 8
PROBOSCIS WIDTH 2 9 0 . 7 1 4 . 1 1 4 1 7 3 . 0 3 8 8 . 0 18 . 2
PROBOSCIS VOLUME 1 7 . 9 0 . 1 1 4 1 6 . 5 1 8 . 7 3 . 0
PROBOSCIS RATIO 3 2 . 1 1 . 2 1 4 2 6 . 7 41 . 3 1 4 . 1
# OF HOOK ROWS 2 0 . 1 0 . 5 1 4 1 5 . 0 2 3 . 0 9 . 9
HOOKS PER ROW 1 2 . 9 0 . 3 1 4 1 1 . 0 1 6 . 0 1 0 . 1
HOOK NUMBER 2 5 2 . 9 1 2 . 3 1 4 1 5 9 . 0 3 4 4 . 0 18 . 2
HOOK DIST RIB UT IO N 6 4 . 3 1 . 4 1 4 5 2 . 4 7 3 . 3 8 . 2
HOOK DIS PER SIO N 2 2 . 2 1 . 6 1 3 1 3 . 7 3 3 . 8 2 5 . 7
PROB CIRC & /ROWS 4 6 . 5 3 . 5 1 4 2 5 . 9 8 1 . 2 2 8 . 0
PROB L A HKS/ROW 7 1 . 2 3 . 3 1 4 4 7 .  1 1 0 2 . 0 1 7 . 3
ANT HK BLADE L 6 3 . 8 4 .  6 1 2 41  . 8 1 0 4 . 0 2 5 . 0
ANT HK BASE L 1 0 . 6 0 . 6 12 7 . 0 1 5 . 1 2 0 . 7
MID HK BLADE L 6 7 . 6 4 . 2 1 4 41 . 8 1 1 4 . 0 2 3 . 1
MID HK BASE L 1 7 . 7 0 . 8 14 1 2 . 8 2 5 . 5 1 7 . 5
POST HK BLADE L 4 4 . 3 2 . 5 12 3 4 . 8 6 7 . 3 1 9 . 3
POST HK BASE L 7 . 6 0 . 6 11 4 . 6 1 1 . 6 2 7 . 6
MID HOOK PROF IL E 6 1 7 . 1 7 0 . 5 1 4 2 6 6 . 0 1 4 5 1 . 0 to •
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TABLE El 1 
(CONTINUED)
CHARACTER MEAN S • E. N MIN MAX C . V .
HOOK ROBUSTNESS 2 6 . 7 1 . 0 1 4 21 . 0 3 2 . 7 1 3 . 4
HOOK INCL ANGLE A . 9 1 . 6 14 0 . 0 1 6 . 0 1 2 2 . 1
STND HOOK ANGLE 0 . 2 0 . 1 1 4 0 . 0 0 . 7 1 2 3 . 6
HK ANGLE £ PROB R 2 . 7 0 . 8 13 0 . 0 7 . 4 1 0 8 . 8
NECK WALL THICK 2 7 . 0 5 . 4 8 1 3 . 9 58 . 0 5 6 . 7
RELATIVE NECK THIC 9 . 6 1 . 6 8 3 . 6 1 8 . 3 4 6 . 6
LEMNI SCI LENGTH 9 5 7 . 2 6 7 . 6 1 3 3 0 6 . 0 1 2 2 4 . 0 2 5 . 5
RECEPTACLE LENGTH I 4 6 0 . 5 5 2 . 7 1 6 1 1 7 3 . 0 1 9 8 9 . 0 1 4 . 4
RECEPTACLE WIDTH 3 2 4 .  I 1 8 . 8 1 3 2 0 4 . 0 4 3 9 . 0 2 0 . 9
RECEPTACLE RATIO 2 2 . 3 1 . 2 13 1 3 . 8 28  . 5 1 8 . 6
RECEPTACLE VOLUME I S . 6 0 . 1 13 1 7 . 5 1 9 . 4 2 . 9
PROB V/REC V RATIO 5 3 . 2 6 . 8 1 3 2 7 . 8 1 1 2 . 0 4 5 . 8
PROB L /R E C  L RATIO 6 2 . 5 2 . 3 16 5 0 . 0 8 0 . 9 1 4 . 5
REC L -  LEM L 4 1 5 . 2 6 2 . 6 1 3 171 . 0 1 0 5 1  . 0 5 4 . 4
XLEM L /R E C  L 6 6 . 3 4 . 3 13 2 1 . 4 8 3 . 3 2 3 . 3
HOOK NO £  REC 1 1 . 6 0 . 8 13 7 . 9 1 7 . 1 2 5 . 1
RETINACULA TO T I P 5 4 6 . 1 2 3 . 4 1 5 3 8 8 . 0 7 3 4 . 0 1 6 . 6
XRET TO T I P / R E C  L 3 7 . 5 1 . 2 1 5 3 0 . 8 4 5 . 1 1 2 . 3
GANGLION TO T I P 7 4 3 . 3 4 4 . 4 7 5 9 2 . 0 9 1 8 . 0 1 5 . 8
XGANG TO T I P / R E C  L 5 3 . 4 1 . 2 7 4 8 . 3 5 7 . 7 6 . 0
XRET-XGANG 1 4 . 5 1 . 6 7 6 . 6 2 0 . 8 3 0 . 1
GANGLION LENGTH 2 0 1  . 2 8 . 9 4 1 8 6 . 0 2 2 0 . 0 8 . 9




CHARACTER MEAN S . E . N MIN MAX C . V .
XRETR/METASOME 2 9 . 9 2 . 9 11 1 8 . 1 5 3 . 6 3 2 . 5
MATURITY 3 . 2 0 . 4 1 6 0 . 0 5 . 0 5 0 . 9
GENITALIA LENGTH 1 9 8 1 . 7 4 7 9 . 9 1 4 1 1 2 2 . 0 8 1 6 0 . 0 9 0 . 6
XGEN L/METASOMA 1 7 . 0 5 . 4 1 3 5 . 7 7 2 . 8 1 1 5 . 7
GENITALIA TO REC 1 1 4 3 3 . 3 1 4 4 4 . 7 13 3 9 8  . 0 1 8 7 1 2 . 0 4 5 .  6
T E S T I S  TO RETRACT - 2 0 4 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
ANT T E S T I S  LENGTH 1 3 7 7 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
ANT T E S T I S  WIDTH 3 6 7 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
POST T E S T I S  LENGTH 1 3 2 6 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
POST T E S T I S  WIDTH 2 8 6 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
T E S T I S  PROFILE 1 3 . 1 * * * * * * I * * * * * * * * * * * * * * * * * * * *
T E S T I S  RATIO 2 6 . 7 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
CEM GLND CLUST L 2 9  58 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
# OF CEMENT GLANDS 6 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
ARR OF CEMENT GLND * * * * * * * * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
CEM GLAND L 4 5 9 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
CEM GLAND W 4 0 8 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
SEMINAL VES LENGTH 0 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
SF POUCH LENGTH 9 3 8 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
SF POUCH WIDTH 3 9 8 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
S F PCH RATIO 4 2 . 4 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
UTERINE BELL L 2 8 8 . 8 1 7 . 1 10 2 3 5 . 0 4 0 8 . 0 18 . 7
UTERUS LENGTH 9 3 3 . 7 8 3 . 7 1 1 6 1 2 . 0 1 6 3 2 . 0 2 9 . 7
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TABLE E l l  
(CONTINUED)
CHARACTER MEAN S .  E . N MIN MAX o • < •
UTERUS WIDTH 9 9 . 7 8 . 5 1 1 51 . 0 1 4 3 . 0 .
00CM
UTERUS RATIO 1 1 . 5 1 . 5 11 5 . 0 21 . 7 4 4 .  1
VAGINA LENGTH 2 1 3 . 1 00 . 00 9 1 5 3 . 0 2 3 5 . 0 1 2 . 3
EGG LENGTH 1 0 0 . 5 6 . 4 6 8 1  . 2 1 2 8 . 0 1 5 . 5
SPARSUS FEMALE 0 . 7 0 . 3 5 0 . 1 1 . 6 9 2 . 5
SPARSUS MALE 0 . 7 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
SEX < - l  = F .  + 1 =M) - 0 . 9 0 . 1 1 6 - 1  . 0 1 . 0 - 5 7 . 1
HOST 1 2 . 0 0 . 0 1 6 1 2 . 0 1 2 . 0 0 . 0
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TABLE El 2 
HIPPO M * F
CHARACTER MEAN S . E . N MIN MAX C . V .
TOTAL LENGTH 1 4 3 0 0 * 4 1 3 1 6 . 3 5 1 1 0 1 6 . 0 1 8 6 6 6 . 0 2 0 . 6
METASOMA LENGTH 1 3 2 9 0 . 6 1 3 1 3 . 3 5 1 0 0 4 0 . 0 1 7 6 5 6 . 0 2 2 . 1
MAXIMUM WIDTH 1 2 0 7 . 0 9 4 . 7 3 1 0 2 0 . 0 1 3 2 6 . 0 1 3 . 6
POST BODY WIDTH 8 1 3 . 2 5 0 . 2 4 6 6 3 . 0 8 6 7 . 0 1 2 . 3
BODY TAPER 341 . 3 1 0 5 . 0 3 1 3 3 . 0 4 6 8  . 0 5 3 . 3
PROBOSCIS LENGTH 9 2 6 . 5 1 7 . 6 6 8 6 7 . 0 9 6 9 . 0 4 . 7
PROBOSCIS WIDTH 2 3 7 . 8 1 2 . 7 6 1 8 4 . 0 2 7 5 . 0 1 3 . 1
PROBOSCIS VOLUME 1 7 . 5 0 . 1 6 1 7 . 1 1 7 . 9 1 . 5
PROBOSCIS RATIO 2 5 . 8 1 . 5 6 1 8 . 9 2 8 . 4 1 4 .  6
# OF HOOK ROWS 1 6 . 5 0 . 4 6 1 5 . 0 1 8 . 0 6 . 4
HOOKS PER ROW 1 2 . 0 0 . 4 6 1 1 . 0 1 3 . 0 7 . 5
HOOK NUMBER 1 9 1 . 7 8 . 0 6 1 7 4 . 0 2 2 7 . 0 1 0 . 2
HOOK DISTRI BUTIO N 7 3 . 0 2 . 9 6 6 4 . 7 8 1 . 3 9 . 9
HOOK D ISP ER SI ON 2 0 . 6 1 . 7 6 1 5 . 4 2 4 . 4 2 0 . 1
PROB CIRC & § ROWS 4 5 . 3 2 . 4 6 38 . 5 5 4 . 1 1 2 . 9
PROB L & HKS/ROW 7 7 . 4 1 . 7 6 7 3 . 0 8 3 . 5 5 .  5
ANT HK BLADE L 8 2 . 1 4 . 3 4 7 4 . 0 9 2 . 8 1 0 . 4
ANT HK BASE L 1 5 . 4 1 . 6 4 11 . 0 1 8 . 6 2 0 . 6
MID HK BLADE L 8 1 . 4 1 . 7 6 7 4 . 2 8 5 . 0 5 . 0
MID HK BASE L 1 9 . 0 1 . 0 6 1 6 . 2 2 3 . 0 1 2 . 4
POST HK BLADE L 4 8 . 6 2 . 2 6 4 4 . 1 5 8 . 0 1 0 . 9
POST HK BASE L 9 . 2 0 . 4 6 8 . 0 1 0 . 4 1 0 . 7




CHARACTER MEAN S . E . N MIN MAX C . V .
HOOK ROBUSTNESS 2 3 . 3 0 . 9 6 2 0 . 8 2 7 . 1 9 . 4
HOOK INCL ANGLE 8 . 7 2 . 9 6 0 . 0 2 0 . 0 8 2 . 1
STND HOOK ANGLE 0 . 4 0 . 1 6 0 . 0 0 . 8 8 1 . 5
HK ANGLE & PROB R 3 . 8 1 . 4 6 0 . 0 9 . 4 8 8 . 1
NECK WALL THICK 18 . 6 2 . 7 3 1 3 . 9 2 3 . 2 2 5 . 0
RELATIVE NECK THIC 8 . 8 2 . 0 3 6 . 2 1 2 . 6 3 8 . 5
LEMNISCI LENGTH 1 1 5 6 . 0 2 2 3 . 0 3 7 1 4 . 0 1 4 2 8 . 0 3 3 . 4
RECEPTACLE LENGTH 1 4 0 2 . 5 1 0 7 . 2 4 1 1 7 3 . 0 1 6 3 2 . 0 1 5 . 3
RECEPTACLE WIDTH 3 0 9 . 3 2 0 . 9 3 2 7 5 . 0 3 4 7 . 0 1 1 . 7
RECEPTACLE RATIO 2 3 . 1 2 . 4 3 18 . 7 2 7 . 2 1 8 . 3
RECEPTACLE VOLUME 18 . 4 0 . 2 3 18 . 1 1 3 . 6 1 . 7
PROB V/REC  V RATIO 4 6 . 2 8 . 2 3 3 1 . 3 59  . 5 3 0 . 7
PROB L /R E C  L RATIO 6 7 . 4 4 . 9 4 58 . 1 7 6 . 0 1 4 . 4
REC L -  LEM L 2 1 6 . 5 31 7 . 2 3 • 2 1 2 . 0 8 3 6 . 0 2 5 3 . 8
XL EM L /R E C  L 8 3 . 4 2 0 . 6 3 4 3 . 7 1 1 3 . 0 to . 03
HOOK NO «  REC 9 . 1 1 . 5 3 7 . 4 1 2 . 1 2 8 . 2
RETINACULA TO T I P 331 . 5 2 5 . 5 2 3 0 6 . 0 3 5 7 . 0 1 0 . 9
XRET TO T I P / R E C  L 2 7 . 0 1 . 0 2 2 6 . 1
(S.00CM 5 . 0
MATURITY 4 . 7 0 . 3 4 4 . 0 5 . 0 1 0 . 5
GENITALIA LENGTH 6 3 2 4 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
XGEN L/METASOMA 6 3 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
GENITALIA TO REC 2 5 4 3 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *




CHARACTER MEAN S . E . N MIN MAX o • < •
ANT T E S T I S  WIDTH 4 8 9 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
POST T E S T I S  LENGTH 1 0 2 0 . 0 * * * * * * I * * * * * * * * * * * * * * * * * * * *
POST T E S T I S  WIDTH 5 1 0 . 0 * * * * * * 1 * * * * * * * ******* ******
T E S T I S  PROFILE 1 3 . 1 ****** 1 ******* * * * * * * * * * * * * *
T E S T I S  RATIO 4 9 . 4 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
CEM GLND CLUST L 2 0 4 0 . 0 * * * * * * 1 * * * * * * * ******* * * * * * *
# OF CEMENT GLANDS 6 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
ARR OF CEMENT GLND * * * * * * * * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
SEMINAL VES LENGTH 4 5 9 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
SF POUCH LENGTH 9 1 8 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
SF POUCH WIDTH 3 3 7 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
UTERUS LENGTH 1 6 5 7 . 5 7 6 . 5 2 1 5 8 1 . 0 1 7 3 4 . 0 6 * 5
UTERUS WIDTH 1 5 6 . 3 2 9 . 0 3 1 2 2 . 0 2 1 4 . 0 3 2 . 1
UTERUS RATIO 1 0 . 3 3 . 2 2 7 . 1 1 3 . 5 4 4 .  5
VAGINA LENGTH 3 0 6 . 0 ****** 1 ******* ******* ******
EGG LENGTH 101 . 8 2 . 2 3 9 7 . 4 1 0 4 . 0 3 . 7
SPARSUS FEMALE 0 . 1 ****** 1 ******* ******* ******
SEX ( - 1 »F ,  + 1 - M ) - 0 . 3 0 . 4 6 >1 . 0 1 . 0 - 3 0 9 . 8
HOST 8 . 2 2 . 9 6 0 . 0 1 9 . 0 8 8 . 4
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TABLE El 3
—  T SE R IE S M A F - -
CHARACTER MEAN S .  E* N MIN MAX c . v .
TOTAL LENGTH 1 5 4 7 2 . 1 1 4 1 9 . 9 1 6 7 0 3 8 . 0 3 0 3 9 6 . 0 3 6 . 7
METASOMA LENGTH 1 4 6 2 7 . 0 1 4 0 2 . 9 1 6 6 3 8  7 . 0 2 9 4 5 4 . 0 3 8 . 4
MAXIMUM WIDTH 1 0 9 6 . 5 8 1 . 0 1 6 7 1 4 . 0 1 7 8 5 . 0 2 9 . 6
POST BODY WIDTH 7 8 6 . 9 5 9 . 8 7 561 . 0 9 6 9 . 0 2 0 . 1
BODY TAPER 2 0 9 . 2 3 7 . 8 7 5 0 . 1 3 5 9 . 0 4 7 . 9
PROBOSCIS LENGTH 7 6 8  . 2 1 9 . 6 1 6 59 2 . 0 9 1 8 . 0 1 0 . 2
PROBOSCIS WIDTH 2 1 5 . 0 4 . 7 13 1 9 4 . 0 2 4 5 . 0 7 . 9
PROBOSCIS VOLUME 1 7 . 1 0 . 1 1 3 1 6 . 7 1 7 . 4 1 . 4
PROBOSCIS RATIO 2 8 . 3 0 . 6 1 3 2 5 . 3 3 2 . 8 7 . 3
# OF HOOK ROWS 1 4 . 5 0 . 2 1 6 1 3 . 0 1 6 . 0 6 . 2
HOOKS PER ROW 1 1 . 6 0 . 2 1 4 1 0 . 0 1 3 . 0 7 . 4
HOOK NUMBER 1 6 2 . 9 5 . 4 1 4 1 3 5 . 0 20 1 . 0 1 2 . 3
HOOK D IS TR IB UTIO N 7 9 . 5 1 . 4 1 4 6 8 . 8 8 6 . 7 6 . 6
HOOK D IS P E R S IO N 1 8 . 5 0 . 7 1 1 1 4 . 5 21 . 7 1 3 . 1
PROB CIRC A i ROWS 4 6 . 6 1 . 3 13 4 0 .  1 5 4 . 9 9 . 8
PROB L A HKS/ROW 6 7 . 3 1 . 5 1 4 5 3 . 8 7 7 . 9 3 . 4
ANT HK BLADE L 5 4 . 9 1 . 8 1 2 4 6 . 4 6 5 . 0 1 1 . 6
ANT HK BASE L 1 0 . 5 0 . 5 1 2 7 . 0 1 2 . 8 1 5 * 9
MID HK BLADE L 6 4 . 8 1 . 2 1 5 5 5 . 7 71 . 9 7 . 1
MID HK BASE L 1 8 . 7 0 . 5 1 5 1 5 . 1 2 0 . 9 1 0 . 2
POST HK BLADE L 4 0 . 7 1 * 6 9 3 4 . 8 4 6 . 4 1 2 .  1
POST HK BASE L 7 . 5 0 . 3 9 7 . 0 9 . 3 1 1 . 3




CHARACTER MEAN S . E . N MIN MAX c . v .
HOOK ROBUSTNESS 2 9 . 0 0 . 8 1 5 2 5 . 0 3 5 . 4 11 . 0
HOOK XNCL ANGLE 1 . 9 0 . 9 7 0 . 0 5 . 0 1 2 9 . 8
STND HOOK ANGLE 0 . 1 0 . 0 7 0 . 0 0 . 2 13 1 . 4
HK ANGLE & PROB R 1 . 0 0 . 5 7 0 . 0 2 . 9 1 3 2 . 0
NECK WALL THICK 3 0 . 5 1 . 5 1 2 2 3 . 2 41 . 8 1 7 . 1
RELATIVE NECK THIC 1 4 . 5 1 . 0 10 11 . 4 21 . 5 21 . 0
LEMNI SCI LENGTH 1 0 2 0 . 0 7 2 . 6 1 3 6 6 3 . 0 1 7 3 4 . 0 2 5 . 7
RECEPTACLE LENGTH 1 5 3 8 . 3 5 9 . 9 1 6 1 1 7 3 . 0 2 2 4 4 . 0 1 5 . 6
RECEPTACLE WIDTH 2 6 3 . 6 6 * 8 13 2 3 5 . 0 3 2 6 . 0 9 . 3
RECEPTACLE RATIO 1 8 . 0 0 . 7 13 1 3 . 7 2 4 . 6 1 5 . 0
RECEPTACLE VOLUME 1 8 . 2 0 . 1 13 1 7 . 8 1 8 . 5 1 .  1
PROB V/REC V RATIO 3 5 . 2 2 . 1 13 2 3 . 3 4 7 . 7 21 . 6
PROB L /R E C  L RATIO 5 0 . 6 1 . 7 1 6 4 0 . 9 61 . 5 1 3 . 6
REC L -  LEM L 4 4 5 . 6 4 9 . 2 13 3 5 . 7 7 0 8 . 0 3 9 . 8
XL EM L / R E C  L 6 6 . 0 3 . 2 1 3 4 9 . 3 9 2 . 3 1 7 . 2
HOOK NO * REC 9 . 1 0 . 4 11 7 . 1 11 . 8 1 6 . 1
RETINACULA TO T I P 4 6 3 . 4 21 . 2 1 6 3 2 6 . 0 6 3 2 . 0 1 8 . 3
XRET TO T I P / R E C  L 3 0 . 2 1 . 1 1 6 2 5 . 5 41 . 5 1 4 . 1
GANGLION TO T I P 6 9 8 . 3 3 0 . 2 1 5 4 5 9 . 0 9 1 8 . 0 1 6 . 8
XGANG TO T I P / R E C  L 4 5 . 3 1 . 2 1 5 3 6 . 7 5 5 . 2 1 0 . 2
XRET-XGANG 1 4 . 9 1 . 1 1 5 7 . 9 2 0 . 9 2 7 . 3
GANGLION LENGTH 26 1  . 0 1 0 . 0 4 2 3 2 . 0 2 7 8  . 0 7 . 7
RETRACTOR LENGTH 3 4 8 0 . 3 4 6 6 . 6 1 5 1 3 3 8 . 0 6 3 2 4 . 0 5 1 . 9
25*
CHARACTER 




GENITALIA TO REC 
T E S T I S  TO RETRACT 
ANT T E S T I S  LENGTH 
ANT T E S T I S  WIDTH 
POST T E S T I S  LENGTH 
POST T E S T I S  WIDTH 
T E S T I S  PROFILE  
T E S T I S  RATIO 
CEM GLND CLUST L 
# OF CEMENT GLANDS 
ARR OF CEMENT GLND 
CEM GLAND L 
CEM GLAND W 
SEMINAL VES LENGTH 
SF POUCH LENGTH 
SF POUCH WIDTH 
SF PCH RATIO 




MEAN S . E . N
2 2 * 9 1 . 7 15
3*1 0 . 4 1 6
5 6 4 7 * 1 9 4 4 . 1 1 1
CO•&* 7 . 9 1 1
4 9 9 1  . 6 1 4 0 3 * 3 1 1
3 7 4 . 0 1 0 0 . 2 9
1 2 3 5 . 3 8 5 . 3 9
4 3 4 . 1 2 7 . 1 9
1 1 6 7 . 3 6 4 . 9 9
4 2 9 .  6 2 8 . 9 9
1 3 . 2 0 . 1 9
3 5 . 6 1 . 4 9
2 5 9 4 . 6 2 5 7 . 3 8
6 . 0 0 . 0 9
5 4 4 8 9 . 9 * * * * * * 9
53 1 . 4 3 7 . 7 9
3 3 7 . 7 2 9 . 9 9
1 0 2 . 0 5 5 . 9 5
8 9 5 . 3 3 5 . 2 9
3 7 0 . 4 1 6 . 6 9
41 . 4 1 . 0 9
3 1 6 * 3 4 6 . 7 3
9 5 2 . 0 5 5 . 3 6
MIN MAX o • < •
1 0 . 4 3 5 . 9 2 7 . 9
0 . 0 5 . 0 5 3 . 9
1 2 7 5 . 0 9 7 9 2 . 0 5 5 . 4
9 . 0 7 2 . 3 5 2 . 8
1 1 3 4 . 0 1 3 1 2 7 . 0 9 3 . 2
- 2 0 4 . 0 7 6 5 . 0 8 0 . 4
7 6 5 . 0 1 5 8 1  . 0 2 0 . 7
3 3 7 . 0 561 . 0 1 8 . 8
7 6 5 . 0 1 3 7 7 . 0 1 6 . 7
3 0 6 . 0 5 6 1  . 0 2 0 . 2
1 2 . 5 1 3 . 7 3 . 0
3 0 . 8 4 4 . 0 1 1 . 6
1 2 7 5 . 0 3 4 6 8 . 0 2 8 . 0
6 . 0 6 . 0 0 . 0
1 3 1 1 . 0 * * * * * * * 9 8 . 7
3 2 6 . 0 6 3 2 . 0 21  . 3
2 1 4 . 0 4 7 9  . 0 2 6 . 6
0 . 0 3 0 6 . 0 1 2 2 . 5
7 1 4 . 0 1 0 2 0 . 0 1 1 . 8
2 7 5 . 0 4 2 8  . 0 1 3 . 4
3 8 . 6 4 6 . 2 7 . 4
2 5 5 . 0 4 0 8 . 0 2 5 . 6
8 1 6 . 0 1 1 7 3 . 0 1 4 . 2
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TABLE El  3 
(CONTINUED)
CHARACTER MEAN S . E . N MIN MAX C . V .
UTERUS WIDTH 9 1  . 8 2 . 6 6 8 1 . 6 1 0 2 . 0 7 . 0
UTERUS RATIO 9 . 8 0 . 7 6 7 . 3 1 2 . 5 1 7 . 6
VAGINA LENGTH 2 1 9 . 2 7 . 8 6 2 0 4 . 0 2 5 5 . 0 8 . 7
EGG LENGTH 0 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
SPARSUS FEMALE 0 . 4 0 . 1 3 0 . 3 0 . 5 3 0 . 4
SPARSUS MALE 2 . 0 0 . 5 4 1 . 1 3 * 4 51 . 9
SEX C - 1  = F  ,  +1 = M) 0 .  1 0 . 3 1 6 - 1  . 0 1 . 0 8 1 9 . 8




CHARACTER MEAN S . E . N MIN MAX C . V .
TOTAL LENGTH 1 3 7 6 6 . 6 11 7 1  . 8 1 5 9 1 8 0 . 0 2 3 3 5 8 . 0 3 3 . 0
METASOMA LENGTH 1 2 9 3 3 . 3 1 2 2 5 . 3 13 8 6 4 1 . 0 2 2 7 4 1 . 0 3 4 . 2
MAXIMUM WIDTH 1 0 1 6 . I 6 2 . 5 13 7 1 4 . 0 1 5 3 0 . 0 2 2 . 2
POST BODY WIDTH 8 6 5 . 0 5 5 . 0 1 5 5 9 2 . 0 1 3 2 6 . 0 2 4 . 6
BODY TAPER 9 5 . 6 1 5 . 9 11 2 3 . 6 1 7 7 . 0 5 5 . 0
PROBOSCIS LENGTH 5 2 8 . 8 2 3 . 7 13 4 2 8  . 0 7 5 5 . 0 1 6 . 1
PROBOSCIS WIDTH 2 0 7 . 9 9 . 2 13 1 5 3 . 0 2 5 5 . 0 1 5 . 9
PROBOSCIS VOLUME 1 6 . 6 0 . 1 12 1 5 . 9 1 7 . 4 2 . 7
PROBOSCIS RATIO 3 9 . 0 1 . 3 1 2 3 2 . 4 4 6 . 7 1 1 . 2
# OF HOOK ROWS 2 0 . 2 0 . 5 12 1 7 . 0 2 4 . 0 9 . 2
HOOKS PER ROW 1 2 . 4 0 . 4 10 1 1 . 0 1 4 . 0 9 . 5
HOOK NUMBER 2 4 6 . 0 1 2 . 4 10 1 8 1 . 0 3 0 5 . 0 1 6 . 0
HOOK DIST RIB UT IO N 61 . 4 2 . 0 10 5 0 . 0 7 0 . 0 1 0 . 4
HOOK D IS PE RS IO N 1 7 . 9 1 . 3 9 1 1 . 5 21 . 9 21 . 2
PROB CIRC £ #ROWS 31 . 4 1 . 3 11 2 5 . 9 3 8 . 5 1 3 . 2
PROB L £  HKS/ROW 41 . 8 1 . 8 10 3 5 . 0 5 3 . 9 1 3 . 6
ANT HK BLADE L 4 4 .  1 3 . 5 5 3 9 . 4 5 8 . 0 1 7 . 8
ANT HK BASE L 8 . 6 0 . 9 5 7 . 0 11 . 6 2 2 . 6
MID HK BLADE L 4 7 . 4 2 . 3 1 2 3 9 . 4 6 7 . 3 1 7 . 2
MID HK BASE L 1 2 . 6 0 . 6 1 2 9 . 3 1 6 . 2 1 5 . 7
POST HK BLADE L 3 7 . 8 2 . 7 11 2 0 . 9 51 . 0 2 3 . 3
POST HK BASE L 6 . 4 0 . 6 10 3 . 5 9 . 3 3 0 . 0




CHARACTER MEAN S . E . N MIN MAX C . V .
HOOK ROBUSTNESS 2 6 .  7 0 . 9 1 2 2 0 . 7 3 1 . 6 1 1 . 5
HOOK INCL ANGLE 4 0 . 7 2 . 7 1 4 2 5 . 0 5 5 . 0 2 4 . 5
STND HOOK ANGLE 1 . 5 0 . 1 12 1 . 0 2 . 1 2 5 . 5
HK ANGLE & PROB R 2 4 . 8 1 . 6 12 1 3 . 7 3 0 . 9 2 2 . 2
NECK WALL THICK 2 6 . 7 1 . 9 1 2 I 6 . 2 3 7 . 1 2 4 . 7
RELATIVE NECK THIC 1 3 . 1 0 . 9 11 9 . 1 1 8 . 2 2 3 .  1
LEMNI SCI LENGTH 1 3 2 3 . 6 121 . 4 1 3 8  1 6 . 0 2 1 9 3 . 0 3 3 . 1
RECEPTACLE LENGTH 1 6 3 5 . 6 1 2 2 . 1 1 4 9 6 9 . 0 2 3 4 6 . 0 2 7 . 9
RECEPTACLE WIDTH 2 7 8 . 2 1 6 . 6 1 1 1 8 4 . 0 3 4 7 . 0 1 9 . 7
RECEPTACLE RATIO 1 8 . 7 1 . 5 1 1 1 2 . 4 3 0 . 5 2 6 . 2
RECEPTACLE VOLUME 1 8 . 3 0 . 2 1 1 1 7 . 1 1 9 . 2 3 . 6
PROB V/REC  V RATIO 2 1 . 2 3 . 1 11 1 0 . 0 4 3 . 6 4 9 . 2
PROB L /R E C  L RATIO 3 5 . 2 2 . 7 1 2 2 3 . 9 5 2 . 6 2 6 .  1
REC L -  LEM L 2 3 8 . 1 6 6 . 4 1 3 - 2 5 2 . 0 5 7 1  . 0 1 0 0 . 6
XLEM L/R EC  L 8 1 . 3 4 . 5 13 6 0 . 7 1 21 . 0 2 0 . 0
HOOK NO 4 REC 
*•
1 4 . 4 1 . 9 8 5 . 9 2 2 . 0 3 6 . 6
RETINACULA TO T I P 4 8 8 . 8 4 3 . 3 13 2 6 5 . 0 8 1 6 . 0 3 2 . 0
XRET TO T I P / R E C  L 2 9 . 1 0 . 6 13 2 7 . 0 3 4 . 8 7 . 7
GANGLION TO T I P 6 7 3 . 2 5 2 . 8 1 1 3 5 7 . 0 1 0 2 0 . 0 2 6 . 0
XGANG TO T I P / R E C  L 4 0 . 0 1 . 2 11 3 5 . 7 4 8 . 6 9 . 6
XRET-XGANG 1 0 . 6 1 . 4 11 0 . 9 1 6 . 4 4 2 . 3
GANGLION LENGTH 2 1 6 . 3 1 2 . 3 6 1 8 5 . 0 2 6 7 . 0 1 4 . 0




CHARACTER MEAN S . E . N MIN MAX C . V .
XRETR/METASOME 2 0 . 4 2 . 0 1 1 1 2 . 1 3 4 . 4 31 . 8
MATURITY 3 . 9 0 . 1 1 5 3 . 0 4 . 0 6 .  6
GENITALIA LENGTH 8 8  3 8 . 7 8 0 6 . 1 13 6 3 7 5 . 0 1 3 7 7 0 . 0 3 2 . 9
XGEN L/METASOMA 6 5 . 5 1 . 8 11 5 7 . 1 7 3 . 8 9 . 3
GENITALIA TO REC 3 1 3 1 . 4 541 . 8 11 1 0 4 2 . 0 6 6 2 5 . 0 5 7 . 4
T E S T I S  TO RETRACT 1 5 9 . 8 1 3 1 . 4 15 ~ 4 0 8 . 0 1 3 2 6 . 0 3 1 8 . 4
ANT T E S T I S  LENGTH 1 3 1 2 . 4 1 0 1 . 4 1 5 9 6 9 . 0 2 0 4 0 . 0 2 9 . 9
ANT T E S T I S  WIDTH 3 6 5 . 2 2 0 . 4 15 2 5 5 . 0 5 0 0 . 0 21 . 7
POST T E S T I S  LENGTH 1 2 0 7 . 0 9 6 . 9 15 8 6 7 . 0 1 9 8 9 . 0 31 .  1
POST T E S T I S  WIDTH 3 5 4 . 3 1 7 . 1 1 5 2 5 5 . 0 4 7 9 . 0 1 8 . 7
T E S T I S  PROFILE 1 3 . 0 0 . 1 1 5 1 2 . 4 1 3 . 8 3 . 6
T E S T I S  RATIO 2 8 . 5 1 . 0 1 5 2 3 . 3 3 5 . 5 1 3 . 8
CEM GLND CLUST L 3 3 1 1 . 4 3 8 7 . 9 14 1 8 3 6 . 0 6 4 2 6 . 0 4 3 . 8
# OF CEMENT GLANDS 6 . 0 0 . 0 15 6 . 0 6 . 0 0 . 0
ARR OF CEMENT GLND * * * * * * * 4 6 . 7 1 5 * * * * * * * * * * * * * * 0 . 2
CEM GLAND L 5 6 5 . 1 61 . 7 15 3 5 7 . 0 1 2 7 5 . 0 4 2 . 3
CEM GLAND W 38 5 . 5 2 5 .  1 15 2 3 5 . 0 6 1 2 . 0 2 5 . 2
SEMINAL VES LENGTH 6 4 3 . 9 8 9 . 6 15 2 0 4 . 0 1 6 3 2 . 0 5 3 . 9
SF POUCH LENGTH 1 1 4 6 . 4 6 7 . 5 1 5 8 6 7 . 0 I 78 5 . 0 2 2 . 8
SF POUCH WIDTH 39 5 . 6 21 . 3 1 4 3 0 6 . 0 5 6 1  . 0 2 0 . 2
SF PCH RATIO 3 4 . 5 1 . 3 1 4 28 .1 4 5 .  6 1 3 . 7
SPARSUS MALE 1 . 3 0 . 3 7 0 . 5 2 . 9 5 9 . 7




CHARACTER MEAN S . E . N MIN MAX C . V .
TOTAL LENGTH 2 8 1 9 7 . 9 2 6 1 8  . 4 10 1 4 8 9 2 . 0 38 7 6 0 . 0 2 9 . 4
METASOMA LENGTH 2 7 6 5 5 . 9 3 3 6 0 . 4 7 1 4 2 1 9 . 0 3 7 8  0 6 . 0 3 2 . 1
MAXIMUM WIDTH 1 0 8 3 . 2 1 4 8 . 2 10 2 2 4 . 0 2 1 4 2 . 0 4 3 . 3
POST BODY WIDTH 6 6 8 .  1 8 8 . 3 10 3 4 7 . 0 1 3 7 7 . 0 41 . 8
BODY TAPER 1 8 5 . 0 6 2 . 5 7 - 1 5 5 . 0 3 6 6 . 0 8 9 . 4
PROBOSCIS LENGTH 5 9 0 . 1 5 0 . 2 7 4 5 9  . 0 8 6 7 . 0 2 2 .  5
PROBOSCIS WIDTH 2 2 8 . 3 1 0 . 8 9 1 8 4 . 0 28  6 . 0 1 4 . 2
PROBOSCIS VOLUME 1 7 . 0 0 . 2 7 1 6 . 3 1 7 . 8 2 . 9
PROBOSCIS RATIO 4 0 . 2 1 . 3 7 3 2 . 9 4 4 .  1 8 . 9
# OF HOOK ROWS 21 . 2 0 . 3 9 2 0 . 0 2 3 . 0 3 . 9
HOOKS PER ROW 1 2 . 3 0 . 6 7 1 0 . 0 1 4 . 0 1 2 . 2
HOOK NUMBER 2 5 3 . 3 1 1 . 7 7 2 0 5 . 0 28  7 . 0 1 2 . 2
HOOK DIS TR IB UTI ON 5 8 . 2 3 . 0 7 4 7 .  6 6 6 . 7 1 3 . 5
HOOK DIS PERSIO N 1 6 . 7 1 . 5 6 1 2 . 0 21 . 0 21 . 6
PROB CIRC 4 #ROWS 3 3 . 9 1 . 8 9 2 5 . 1 4 2 .  7 1 6 . 0
PROB L & HKS/ROW 4 8 . 0 3 . 1 7 3 8 . 2 61 . 9 1 7 . 3
ANT HK BLADE L 51 . 5 2 . 6 5 4 4 . 1 5 5 . 7 11 . 2
ANT HK BASE L 1 0 . 0 0 . 7 5 8 . 1 1 1 . 6 1 5 . 6
MID HK BLADE L 5 2 . 2 2 . 1 6 4 4 .  1 6 0 . 3 1 0 . 0
MID HK BASE L 1 4 . 5 1 . 0 6 1 1 . 6 1 8 . 6 1 7 . 3
POST HK BLADE L 4 1 . 0 2 . 2 6 3 2 . 5 4 8 . 7 1 3 . 2
POST HK BASE L 6 . 6 0 . 6 6 4 . 6 9 . 3 2 4 . 1




CHARACTER MEAN S . E . N MIN MAX C . V .
HOOK ROBUSTNESS 2 7 . 7 1 . 2 6 2 2 .  7 3 0 . 8 1 0 . 9
HOOK INCL ANGLE 3 9 . 2 3 . 7 6 3 0 . 0 5 5 * 0
•3.nCM
STND HOOK ANGLE 1 . 5 0 . 2 5 1 . 1 2 . 0 2 5 .  1
HK ANGLE & PROB R 2 5 . 0 2 . 1 6 1 8 . 9 3 2 . 8 2 0 . 8
NECK WALL THICK 2 5 . 5 4 . 2 7 1 6 . 2 4 6 . 4 4 3 . 9
RELATIVE NECK THIC 1 0 . 8 1 . 2 7 8 . 4 1 6 . 2 2 9 . 3
LEMNI SCI LENGTH 1 4 8  6 . 1 1 3 9 . 6 10 1 0 2 0 . 0 2 6 5 2 . 0 2 9 . 7
RECEPTACLE LENGTH 1 7 0 8 . 5 7 0 . 2 10 1 3 7 7 . 0 1 9 3 8 . 0 1 3 . 0
RECEPTACLE WIDTH 3 4 1  . 0 to . 7 2 4 5 . 0 4 4 9  . 0 2 1 . 3
RECEPTACLE RATIO 2 0 . 4 1 . 7 7 1 3 . 0 2 5 . 5 2 1 . 7
RECEPTACLE VOLUME 1 8 . 8 0 . 2 7 1 8 . 3 1 9 . 5 2 . 4
PROB V/REC  V RATIO 1 7 . 2 2 . 1 7 1 3 . 2 2 8 . 4 31 . 9
PROB L /R E C  L RATIO 3 5 . 1 2 . 6 7 2 4 . 3 4 4 . 7 1 9 . 9
REC L -  LEM L 1 3 6 . 9 1 2 0 . 2 10 - 8 1 1  . 0 4 8 2 . 0 2 7 7 . 6
XLEM L /R E C  L 8 6 . 8 6 . 5 10 6 4 . 5 1 3 7 . 0 2 3 . 6
HOOK NO & REC 1 3 . 1 1 . 6 7 8 . 0 2 0 . 8 31 * 6
RETINACULA TO T I P 50 1 . 7 2 0 . 6 10 4 0 8 . 0 5 9 2 . 0 1 3 . 0
XRET TO T I P / R E C  L 2 9 . 4 0 . 6 10 2 7 . 1 3 3 . 1 6 . 6
GANGLION TO T I P 6 4 0 . 1 51 . 7 8 3 8 8  . 0 9 1 8 . 0
CO•CMCM
XGANG TO T I P / R E C  L 3 7 . 7 2 . 5 8 2 7 . 1 4 8 . 6 1 8 . 5
XRET-XGANG 8 . 1 2 . 1 8 - 1 . 4 1 7 . 8 7 3 . 8
GANGLION LENGTH 2 3 4 . 9 1 4 . 0 7 1 8 5 . 0 2 8 - 9 . 0 1 5 . 8




CHARACTER MEAN S . E . N MIN MAX C . V .
XRETR/METASOME 2 2 . 2 2 . 6 6 11 . 9 3 0 . 6 28 . 9
MATURITY 4 . 3 0 . 5 10 0 . 0 5 . 0 3 8 . 1
GENITALIA LENGTH 1 7 6 5 . 8 1 6 7 . 7 9 1 1 2 2 . 0 2 6 5 2 . 0 2 8 . 5
XGEN L/METASOMA 6 . 4 0 . 6 6 4 . 7 8 . 3 2 2 . 7
GENITALIA TO REC 2 6 2 9 9 . 8 2 7 5 7 . 7 6 1 3 9 0 1 . 0 3 3 2 1 6 . 0 2 5 . 7
UTERINE BELL L 3 7 7 . 3 3 6 . 2 9 2 5 5 . 0 561 . 0 2 8 . 7
UTERUS LENGTH 1 1 1 6 . 3 1 1 1 . 3 9 6 6 3  .  0 1 6 3 2 . 0 2 9 . 9
UTERUS WIDTH 9 4 . 3 11 . 8 8 6 6  .  3 1 7 3 . 0 3 5 . 4
UTERUS RATIO 8 . 3 0 . 7 8 5 . 9 1 1 . 5 2 3 . 2
VAGINA LENGTH 2 2 5 . 6 1 9 . 4 9 1 5 3 . 0 3 3 7 . 0 2 5 . 8
EGG LENGTH 7 9 . 9 2 . 6 7 6 9 . 6 9 2 . 8 8 . 7
SPARSUS FEMALE 0 . 3 0 . 1 4 0 . 1 0 . 4 5 4 . 3
SEX C - 1 = F  ,  +1»M) - 1 . 0 0 . 0 10 - 1  . 0 - 1 . 0 0 . 0











# OF HOOK ROWS 
HOOKS PER ROW 
HOOK NUMBER 
HOOK DIS TR IB UTI ON  
HOOK D IS PER SI ON  
PROB CIRC A #ROWS 
PROB L A HKS/ROW 
ANT HK BLADE L 
ANT HK BASE L 
MID HK BLADE L 
MID HK BASE L 
POST HK BLADE L 
POST HK BASE L 
MID HOOK PROFILE
TABLE El  6 
TONGUEFISH M & F
MEAN S . E . N MIN MAX C . V .
6 2 0 5 . 3 9 5 2 . 5 1 1 3 6 9 2 . 0 1 3 0 5 6 . 0 5 0 . 9
4 7 5 7 . 3 7 2 8 . 3 10 2 9 8 6 . 0 8 9 5 0 . 0 48 . 4
39 5 . 5 3 4 . 2 13 2 8 6 . 0 7 1 4 . 0 31 . 2
2 5 8 . 7 3 6 . 5 1 1 1 4 3 . 0 4 7 9 . 0 4 6 . 8
3 2 7 . 7 5 0 . 4 10 1 0 3 . 0 6 1 0 . 0 4 8 .  6
71 1 . 0 1 9 . 5 13 6 1 2 . 0 7 9 6 . 0 9 . 9
1 5 7 . 4 4 . 5 13 1 3 3 . 0 1 8 4 . 0 1 0 . 4
1 6 . 4 0 . 1 13 1 6 . 1 1 6 . 8 1 . 6
CM.CMCM 0 . 7 13 1 6 . 7 2 6 * 5 1 0 . 8
1 7 . 3 0 . 3 13 1 6 . 0 1 9 . 0 5 . 5
1 6 . 1 0 . 3 10 1 4 . 0 1 8 . 0 6 . 8
2 6 9 . 3 8 . 8 9 2 4 5 . 0 31 5 . 0 9 . 8
9 2 . 5 2 . 6 9 7 7 . 8 1 0 0 . 0 8 . 4
2 2 . 8 1 . 1 9 1 6 . 8 2 7 . 0 1 4 . 0
2 8 . 6 0 . 8 13 2 4 . 5 3 4 . 0 9 . 9
4 4 . 9 1 . 9 9 3 8 . 2 5 3 . 0 1 2 . 4
4 2 . 0 1 . 8 8 3 2 . 5 4 6 . 4 1 2 . 3
7 . 5 0 . 4 8 5 . 8 9 . 3 1 6 . 4
4 4 . 6 0 . 9 13 3 9 . 4 4 8 . 7 7 .  1
1 0 . 9 0 . 3 13 9 . 3 1 2 . 8 9 . 3
2 9 . 4 1 . 6 13 2 0 . 9 4 4 . 1 1 9 . 9
5 . 4 0 . 2 13 4 . 6 7 . 0 1 6 . 0
2 4 3 . 8 9 . 7 13 1 8 3 . 0 2 8 3 . 0 1 4 . 3
265
CHARACTER 
HOOK ROBUSTNESS  
HOOK INCL ANGLE 
STND HOOK ANGLE 
HK ANGLE & PROB R 





PROB V/REC V RATIO 
PROB L/ R E C  L RATIO 
REC L -  LEM L 
XLEM L /R E C  L 
HOOK NO & REC 
RETINACULA TO T I P  
XRET TO T I P / R E C  L 
GANGLION TO T I P  








MEAN S . E . N
2 4 *  4 0 . 5 13
1 2 . 3 0 . 8 9
0 . 5 0 . 0 9
4 . 7 0 . 4 9
7 1 3 . 2 6 3 . 4 1 3
8 9 8 . 3 6 2 . 3 1 4
1 7 5 . 7 7 . 2 1 3
2 0 . 4 1 . 1 13
1 6 . 3 0 . 1 13
7 6 . 1 11 . 7 13
8 3 . 9 5 . 3 13
1 4 2 . 5 3 6 . 4 13
7 9 . 0 3 . 8 13
1 3 . 8 0 . 8 9
2 7 7 . 7 21 . 1 13
3 1 . 7 1 . 8 13
48 1  . 5 2 7 . 9 14
5 4 . 8 2 . 6 1 4
2 2 . 2 2 . 8 1 3
1 8 9 . 7 6 . 5 13
1 4 9 8 . 0 4 8 4 . 9 8
3 3 . 4 6 . 7 8
2 0 5 0 . 9 4 7 5 . 3 8
MIN MAX C . V .
2 2 . 5 2 8 . 9 7 . 4
1 0 . 0 1 5 . 0 1 9 . 0
0 . 4 0 . 6 1 8 . 6
2 . 9 6 . 9 2 6 . 2
4 2 8 . 0 1 1 2 2 . 0 3 2 . 1
6 6 3 . 0 1 4 2 8 . 0 2 6 . 0
1 3 3 . 0 2 2 4 . 0 1 4 . 3
1 5 . 2 2 7 . 1 1 9 . 1
1 6 . 2 1 7 . 8 2 . 9
2 5 . 0 1 5 9 . 0 5 5 . 6
4 9 . 6 1 0 4 . 0 2 2 . 8
2 0 1  . 0 3 0 3 . 0 9 2 . 0
6 4 * 6 11 6 . 0 1 7 . 4
9 . 7 1 6 . 8 1 7 . 8
1 1 2 . 0 4 0 8 . 0 2 7 . 3
1 5 . 7 4 1 . 4 2 0 . 7
3 4 7 . 0 7 1 4 . 0 21 . 7
4 0 . 0 6 9 . 3 1 7 . 8
8 . 2 41  . 4 4 5 .  1
1 5 1 . 0 2 3 2 . 0 1 2 . 4
6 2 2 . 0 4 7 4 3 . 0 9 1 . 6
1 3 . 5 5 8 . 7 5 6 . 6





ANT T E S T I S  LENGTH 3 9 1 . 5
ANT T E S T I S  WIDTH 1 8 1 . 0
POST T E S T I S  LENGTH 3 4 8 . 2
POST T E S T I S  WIDTH 1 7 3 . 4
T E S T I S  PROFILE 1 0 . 8
T E S T I S  RATIO 5 1 . 3
CEM GLND CLUST L 7 9 7 . 5
# OF CEMENT GLANDS 5 . 5
ARR OF CEMENT GLND 2 1 4 8 1 . 0
SEMINAL VES LENGTH 2 7  5 . 4
SF POUCH LENGTH 5 2 3 . 7
UTERINE BELL L 2 4 2 . 2
UTERUS LENGTH 4 1 0 . 5
VAGINA LENGTH 1 8 1 . 4
SEX ( - 1 * F  * +1=M> 0 . 1
HOST 2 6 . 6
S . E . N MIN MAX C . V .
1 6 0 . 6 4 1 8 9 . 0 8 6 7 . 0 8 2 . 1
I
5 3 . 0 4 1 0 2 . 0 3 2 6 . 0 58 .  5
1 1 2 . 4 4 1 8 4 . 0 6 6 3 * 0 6 4 . 5
4 6 . 6 4 91 . 8 28  6 . 0 5 3 . 8
0 . 6 4 9 . 9 1 2 . 6 1 1 . 6
5 . 3 4 3 7 . 6 6 3 * 3 2 0 . 8
2 8 0 . 6 6 3 0 6 . 0 1 7 3 4 . 0 8 6 . 2
0 . 5 6 3 . 0 6 . 0 2 2 . 3
* * * * * * 6 1 11 . 0 * * * * * * * 2 0 5 . 4
1 8 3 . 6 2 9 1  . 8 4 5 9 . 0 9 4 . 3
8 1 . 1 6 3 3 7 . 0 7 6 5 . 0 3 8 . 0
3 8 . 2 4 1 5 3 . 0 3 0 6 . 0 3 1 . 6
7 4 . 0 4 2 5 5 . 0 56 1  . 0 3 6 . 0
1 2 . 6 5 1 5 3 . 0 2 2 4 . 0 1 5 . 6
0 . 3 1 4 - 1 . 0 1 . 0 7 1 9 . 0
0 . 3 1 4 2 5 . 0 28  . 0 3 . 5
26?
TABLE El  7 
P A C I F I C  ONCHO
CHARACTER MEAN S . E . N MIN MAX C . V .
TOTAL LENGTH 8 8 8 8  • 6 1 0 0 9 . 9 7 6 4 7 7 . 0 1 3 2 6 0 . 0 3 0 . 1
META SOMA LENGTH 8 1 9 4 . 6 1 0 0 1  . 2 7 5 8 0 4 . 0 1 2 4 9  7 . 0 3 2 . 3
MAXIMUM WIDTH 4 7 4 . 5 1 5 . 5 2 4 5 9 . 0 4 9 0 . 0 4 . 6
POST BODY WIDTH 2 9 0 . 7 31 . 4 4 2 1 4 . 0 3 4 7 . 0 21 . 6
BODY TAPER 2 8 3 . 5 5 0 . 5 2 2 3 3 . 0 3 3 4 . 0 2 5 . 2
PROBOSCIS LENGTH 631 . 0 21 . 8 7 5 6 1  . 0 7 1 4 . 0 9 . 1
PROBOSCIS WIDTH 1 8 7 . 0 1 4 . 8 6 1 5 3 . 0 2 4 5 . 0 1 9 . 4
PROBOSCIS VOLUME 1 6 . 7 0 . 2 6 1 6 . 2 1 7 . 3 2 . 5
PROBOSCIS RATIO 29 .  1 2 . 2 6 2 3 . 4 3 6 . 3 1 3 . 2
# OF HOOK ROWS 21 . 5 0 . 3 6 21 . 0 2 3 . 0 3 . 9
HOOKS PER ROW 1 3 . 4 0 . 3 7 1 3 . 0 1 5 . 0 5 . 9
HOOK NUMBER 2 7 9 . 7 9 . 5 6 2 6 6 . 0 3 2 2 . 0 8 . 3
HOOK D IS TR IB UTI ON 6 2 . 1 1 . 5 6 5 6 . 5 6 8 . 2 6 . 0
HOOK D IS P E R S IO N 1 2 . 4 1 . 0 5 9 . 5 1 5 . 7 1 7 . 7
PROB CIRC «  #R0WS 2 8 . 2 2 . 4 5 2 2 . 9 3 6 . 6 1 9 . 4
PROB L * HKS/ROW 4 7 . 2 2 . 2 7 3 8 . 8 5 4 . 9 1 2 . 6
ANT HK BLADE L 51 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
ANT HK BASE L 1 0 . 4 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
MID HK BLADE L 5 3 . 4 2 . 6 5 4 8 . 7 6 2 . 6 1 1 . 1
MID HK BASE L 1 5 . 1 0 . 5 5 1 3 . 9 1 6 . 2 7 . 7
POST HK BLADE L
CO.IS 2 . 5 5 3 4 . 8 4 6 . 4 . 1 3 . 7
POST HK BASE L 6 . 0 0 . 4 5 4 * 6 7 . 0 1 6 . 1
MID HOOK PROFILE 4 0 3 . 8 3 0 . 0 5 3 3 9 . 0 5 0 9 . 0 1 6 . 6
CHARACTER 
HOOK ROBUSTNESS  
HOOK INCL ANGLE 
STND HOOK ANGLE 
HK ANGLE & PROB R 
NECK WALL THICK 
RELATIVE NECK THIC 





PROB V/REC  V RATIO 
PROB L /R E C  L RATIO 
REC L -  LEM L 
XLEM L /R E C  L 
HOOK NO « REC 
RETINACULA TO T I P  
XRET TO T I P / R E C  L 
GANGLION TO T I P  







MEAN S .  E . N MIN MAX C . V .
2 8 . 4 1 . 3 5 2 5 . 9 3 3 . 3 1 0 . 2
0 . 5 0 . 5 4 0 . 0 2 . 0 2 0 0  .  0
0 . 0 0 . 0 4 0 . 0 0 . 1 2 0 0 . 0
0 . 2 0 . 2 4 0 . 0 1 . 0 2 0 0 . 0
21 . 7 3 . 1 3 1 8 . 6 2 7 . 8 2 4 . 7
1 3 . 4 1 . 3 3 1 2 . 1 1 6 . 1 1 6 . 9
6 9 0 . 3 1 4 . 8 3 6 6 3 . 0 7 1 4 . 0 3 . 7
9 1 8 . 0 5 5 . 9 6 7 6 5 . 0 10 7 1  . 0 1 4 . 9
1 9 5 . 8 9 . 9 5 1 6 3 . 0 2 1 4 . 0 1 1 . 3
21 . 3 0 . 7 5 2 0 . 0 2 4 * 0 7 . 7
1 7 .  1 0 . 2 5 1 6 . 6 1 7 . 5 2 . 3
7 8 . 7 2 3 . 7 5 3 3 . 2 1 6 6 . 0 6 7 . 3
6 9 . 9 5 . 9 6 5 4 . 3 9 3 . 3 2 0 . 7
21 3 . 9 7 5 . 5 3 6 3 . 7 3 0 3 . 0 61 . 1
7 3 . 8 6 . 5 3 6 6 . 7 8 6 . 7 1 5 . 2
1 3 . 4 1 . 1 4 1 1 . 1 1 6 . 1 1 6 . 0
3 0 0 . 7 2 0 . 7 4 2 6 5 . 0 3 5 7 . 0 1 3 . 8
3 0 . 5 2 . 7 4 2 4 . 8 3 5 . 3 1 7 . 8
4 8 9  . 5 4 0 . 5 2 4 4 9 . 0 5 3 0 . 0 1 1 . 7
51 . 9 0 . 1 2 51 . 8 5 2 . 0 0 . 3
2 0 . 7 4 . 3 2 1 6 . 5 2 5 . 0 2 9 . 1
2 3 4 3 . 8 9 0 8 . 8 4 7 6 6 . 0 4 6 9 2 . 0 7 7 . 6




CHARACTER MEAN S « £ . N MIN MAX C . V .
MATURITY 0 . 8 0 . 5 8 0 . 0 4 . 0 1 9 8 . 4
GENITALIA LENGTH 3 0 9 0 . 6 6 7 8  . 6 5 1 2 7 5 . 0 4 6 4 1 . 0 4 9 .  1
XGEN L/METASOMA 51 . 8 1 4 . 0 4 1 0 . 2 7 0 . 3 5 3 . 9
GENITALIA TO REC 3 4 5 9 . 2 2 2 5 0 . 5 4 8 9 0 . 0 1 0 2 0 2 . 0 1 3 0 . 1
T E S T I S  TO RETRACT 4 5 9  . 0 1 5 3 . 0 2 3 0 6 . 0 6 1 2 . 0 4 7 . 1
ANT T E S T I S  LENGTH 6 1 2 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
ANT T E S T I S  WIDTH 2 1 4 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
POST T E S T I S  LENGTH 5 1 0 . 0 * * * * * * 1 ** * * * :; ,* * * * * * * * * * * * * *
POST T E S T I S  WIDTH 2 4 5 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
T E S T I S  PROF ILE 11  . 8 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
T E S T I S  RATIO 3 5 . 0 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
CEM GLND CLUST L 1 2 4 9 . 5 1 7 8 . 5 2 1 0 7 1 . 0 1 4 2 8 . 0 2 0 . 2
# OF CEMENT GLANDS 6 . 0 0 . 0 4 6 . 0 6 . 0 0 . 0
ARR OF CEMENT GLND * * * * * * * 0 . 0 4 * * * * * * * * * * * * * * 0 . 0
CEM GLAND L 2 0 9 . 0 3 6 . 0 2 1 7 3 . 0 2 4 5 . 0 2 4 . 4
CEM GLAND W 1 0 1  . 8 2 0 . 2 2 8 1 . 6 1 2 2 . 0 2 8 . 1
SEMINAL VES LENGTH 2 0 4 . 0 1 0 2 . 0 2 1 0 2 . 0 3 0 6 . 0 7 0 . 7
SF POUCH LENGTH 7 9 0 . 5 7 6 . 5 2 7 1 4 . 0 8 6 7 . 0 1 3 . 7
SF POUCH WIDTH 1 7 8 . 5 2 5 . 5 2 1 5 3 . 0 2 0 4 . 0 2 0 . 2
SF PCH RATIO 2 2 . 5 1 .  1 2 21 . 4 2 3 .  5 6 . 6
UTERINE BELL L 2 5 5 . 0 51 . 0 2 2 0 4 . 0 3 0 6 . 0 2 8 . 3
UTERUS LENGTH 1 0 2 0 . 0 1 5 3 . 0 2 8 6 7 . 0 1 1 7 3 . 0 2 1  . 2
UTERUS WIDTH 7 1 . 4 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
2?0
TABLE E l 7 
(CONTINUED)
CHARACTER MEAN S . E . N MIN MAX C . V .
UTERUS RATIO 6 . 1 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
VAGINA LENGTH 1 7 3 . 0 0 . 0 2 1 7 3 . 0 1 7 3 . 0 0 . 0
SPARSUS MALE 0 . 5 * * * * * * 1 * * * * * * * * * * * * * * * * * * * *
SEX ( * 1 » F  * ♦ 1*M> 0 . 0 0 . 4 8 - 1  . 0 1 . 0 * * * * * *
HOST 1 3 . 0 0 . 0 8 1 3 . 0 1 3 . 0 0 . 0
2-71
TABLE El8
SAFFRON COD M & F
CHARACTER MEAN S . E . N MIN MAX C . V .
TOTAL LENGTH 3 5 3 3 6 . 0 5 2 5 7 . 7 9 1 7 1 3 6 . 0 5 7 6 3 0 . 0 4 4 . 0
METASOMA LENGTH 38 5 9 7 . 0 5 7 9 8 . 2 6 2 0 7 7 2 . 0 5 6 7 5 6 . 0 3 6 . 8
MAXIMUM WIDTH 1 1 9 9 . 0 8 9 . 9 9 8 4 6 . 0 1 6 3 2 . 0 2 2 .  5
POST BODY WIDTH 9 4 7 .  2 1 0 5 * 5 8 5 6 1  . 0 1 5 3 0 . 0 31 . 5
BODY TAPER 1 2 0 . 9 3 8 . 7 5 2 4 . 6 2 4 1  . 0 71 .  5
PROBOSCIS LENGTH 7 3 5 . 7 3 4 . 7 6 6 5 2 * 0 8 6 7 . 0 1 1 . 6
PROBOSCIS WIDTH 2 5 4 . 7 5 . 9 6 2 3 4 . 0 2 7 5 . 0 5 .  7
PROBOSCIS VOLUME 1 7 . 4 0 . 1 5 1 7 . 2 1 7 . 5 0 . 8
PROBOSCIS RATIO 3 5 . 5 1 . 4 5 3 0 . 7 3 9 . 1 8 . 9
# OF HOOK ROWS 2 2 . 6 0 . 6 8 2 0 . 0 2 5 . 0 7 . 4
HOOKS PER ROW 1 2 . 6 0 . 5 5 1 1  . 0 1 4 . 0 9 . 0
HOOK NUMBER 28 6 . 0 1 4 . 8 5 2 3 6 . 0 3 1 8 . 0 1 1 . 6
HOOK DISTR IBU TIO N 5 4 . 4 2 . 4 5 5 0 . 0 6 3 . 6 9 . 9
HOOK DISP ERS ION 1 8 . 5 2 . 9 5 1 1 . 9 2 8 . 7 3 5 . 4
PROB CIRC & #ROWS 3 4 . 3 0 . 6 6 3 2 . 0 3 6 . 0 4 . 0
PROB L & HKS/ROW 5 6 . 4 1 . 4 5 5 2 . 5 6 0 . 3 5 . 4
ANT HK BLADE L 4 5 . 0 2 . 1 4 41 . 0 51 . 0 9 . 4
ANT HK BASE L 8 . 5 0 . 3 4 8  . 0 9 . 0 6 . 8
MID HK BLADE L 5 3 . 7 1 . 4 6 4 8 . 0 5 8 . 0 6 . 2
MID HK BASE L 1 5 . 2 0 . 7 6 1 2 . 0 1 7 . 0 1 2 . 1
POST HK BLADE L 4 8 . 5 1 . 6 8 41 . 0 5 5 . 0 9 . 2
POST HK BASE L 7 . 1 0 . 5 8 5 . 0 9 . 0 2 0 . 5




CHARACTER MEAN S . E . N MIN MAX
HOOK ROBUSTNESS 2 8 . 2 1 . 1 6 2 5 . 0 3 2 . 1
HOOK INCL ANGLE 1 5 . 9 0 . 5 7 1 5 . 0 18 . 0
STND HOOK ANGLE 0 . 6 0 . 0 6 0 . 5 0 . 6
HK ANGLE & PROB R 9 . 6 0 . 6 5 7 . 9 1 0 . 9
LEMNI SCI LENGTH 1 6 6 0 . 3 1 5 0 . 9 9 1 0 2 0 . 0 2 3 4 6 . 0
RECEPTACLE LENGTH 1 6 3 9 . 1 7 6 . 4 1 0 1 1 2 2 . 0 1 9 3 8 . 0
RECEPTACLE WIDTH 3 1 6 . 0 1 9 . 7 5 2 6 5 . 0 3 5 7 . 0
RECEPTACLE RATIO 21 . 9 2 . 5 5 1 8 . 3 31 . 8
RECEPTACLE VOLUME 1 8 . 5 0 . 1 5 1 8 . 2 1 9 . 0
PROB V/REC  V RATIO 3 1 . 5 3 . 3 5 2 0 . 8 41 . 7
PROB L /R E C  L RATIO 4 8 . 6 2 . 5 6 4 4 . 5 6 0 . 9
REC L -  LEM L - 4 8  . 4 1 3 0 . 4 9 - 6 5 0 . 0 4 7 2 . 0
XL EM L / R E C  L 9 7 . 5 7 . 7 9 6 8  .  6 131 . 0
HOOK NO & REC 1 3 . 5 1 . 0 5 1 0 . 0 1 5 . 3
RETINACULA TO T I P 5 4 4 . 9 4 0 . 3 7 4 0 8  . 0 7 1 4 . 0
XRET TO T I P / R E C  L 3 2 . 4 1 . 2 7 2 8 . 1 3 6 . 8
GANGLION TO T I P 1 6 3 2 . 0 * * * * * * 1 * * * * * * * * * * * * * *
XGANG TO T I P / R E C  L
CVJ•CO * * * * * * 1 * * * * * * * * * * * * * *
XRET-XGANG 4 7 . 4 * * * * * * 1 * * * * * * * * * * * * * *
GANGLION LENGTH 2 2 0 . 0 * * * * * * 1 * * * * * * * * * * * * * *
GENITALIA LENGTH 1 2 5 6 3 . 0 78 2 . 5 3 1 1 7 3 0 . 0 1 4 1 2 7 . 0
XGEN L/METASOMA 6 8  .  0 * * * * * * 1 * * * * * * * * * * * * * *
GENITALIA TO REC 4 8 6 0 . 0 * * * * * * 1 * * * * * * * * * * * * * *




1 3 . 1  
2 7 . 3  
1 4 . 7  
1 3 . 9
2 5 . 6  
1 . 8
2 3 . 7  
1 2 . 7
- 8 0 7 . 6
2 3 . 8  
1 7 . 0  
1 9 . 6
1 0 . 2  
* * * * * *  
* * * * * *  
* * * * * *  
* * * * * *
10.8 
******  




CHARACTER MEAN S . E . N MIN MAX C . V .
ANT T E S T I S  LENGTH 1 7 0 8  . 5 2 8  1 . 3 4 8 6 7 . 0 2 0 4 0 . 0 3 2 . 9
ANT T E S T I S  WIDTH 4 0 2 . 7 2 4 . 4 4 3 5 7 . 0 4 6 9  . 0 1 2 . 1
POST T E S T I S  LENGTH 1 9 2 5 . 2 5 6 . 5 4 1 7 8 5 . 0 2 0 4 0 . 0 5 . 9
POST T E S T I S  WIDTH 4 5 1  . 0 21 . 4 4 4 0 8 . 0 5 1 0 . 0 9 . 5
T E S T I S  PROFILE 1 3 . 4 0 . 2 4 1 2 . 7 1 3 . 7 3 . 5
T E S T I S  RATIO 2 6 . 4 5 . 8 4 1 8 . 4 4 3 . 5 4 4 . 0
CEM GLND CLUST L 3 3 0 2 . 2 9 8 1  . 7 4 4 0 8 . 0 4 6 4 1 . 0 5 9 . 5
# OF CEMENT GLANDS 6 . 0 0 . 0 4 6 . 0 6 . 0 0 . 0
ARR OF CEMENT GLND 6 1 1 1 6 . 0 * * * * * * 4 1 1 1 2 1 . 0 * * * * * * * 9 4 .  5
SEMINAL VES LENGTH 1 1 7 3 . 0 3 9 8 . 3 3 4 5 9 . 0 1 8 3 6 . 0 5 8 . 8
SF POUCH LENGTH 1 2 3 6 . 7 5 2 . 6 4 1 1 2 2 . 0 1 3 2 6 . 0 8 . 5
UTERUS LENGTH 1 2 2 4 . 0 0 . 0 2 1 2 2 4 . 0 1 2 2 4 . 0 0 . 0
VAGINA LENGTH 2 2 1  . 8 1 0 . 4 5 1 8 3 . 0 2 4 4 . 0 1 0 . 5
SEX C - 1 = F  ,  + 1 ®M) • 0 . 2 0 . 3 1 0 - 1 . 0 1 . 0 - 5 1  6 . 4
HOST 0 . 0 0 . 0 1 0 0 . 0 0 . 0 * * * * * *
2?U
COMPARISONS OF MEANS
I n  t h i s  s e c t i o n ,  t h e  means  from t h e  p r e c e d i n g  
t a b l e s  h ave  been  a r r a n g e d  so t h a t  i n t e r e s t i n g  c o m b i n a t i o n s  
o f  p o p u l a t i o n s  may be d i r e c t l y  compared a t  e v e r y  c h a r a c t e r .
I n  o r d e r  t o  d e t e r m i n e  t h e  s i g n i f i c a n c e  o f  a  s u s p e c t e d  
d i f f e r e n c e ,  one s h o u l d  c o n s u l t  t h e  t a b l e s  i n  t h e  p r e v i o u s  
s e c t i o n  f rom  which  t h e  means  were  d e r i v e d  and e n t e r  t h e  
S .E .  and N i n t o  an a p p r o p r i a t e  T - t e s t  f o r m u l a .
I n  t h e  f u n c t i o n a l  k e y  which  f o l l o w s  t h i s  i n t r o d u c t i o n ,  
one need  o n l y  f i n d  l i s t e d  t h e  two p o p u l a t i o n s  he w i s h e s  t o  
compare and  d e t e r m i n e  i f  b o t h  a r e  p r e s e n t  on t h e  same g r a p h .
COMPARISONS OF MEANS
S p e c i e s  
E. g a d i
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# OF HOOK ROWS 
HOOKS PER ROW 
HOOK NUMBER 
HOOK DIS TRI BUTIO N  
HOOK DISP ER SIO N  
PROB CIRC & #ROWS 
PROB L & HKS/ROW 
ANT HK BLADE L 
ANT HK BASE L 
MID HK BLADE L 
MID HK BASE L 
POST HK BLADE L 
POST HK BASE L 
MID HOOK PROFILE
TABLE El 9 
•GADI GROUP* MEANS
POL M COD M
1 0 7 7 3 . 1 1 1 1 3 5 . 0
1 0 1  4 9 .  6 1 0 5 0 6 . 7
7 1 0 . 6 671 .1
5 6 6 . 3 5 3 0 . 4
1 5 7 . 4 1 3 7 . 8
5 6 6 . 8 571  . 2
1 9 8 . 2 2 0 2 . 4
1 6 . 7 1 6 . 7
3 5 . 2 3 5 . 5
1 9 . 9 2 0 . 7
1 1 . 7 1 1 . 9
2 2 7 . 5 2 4 0 . 8
5 9 . 1 5 7 . 9
1 7 . 2 1 6 . 3
3 1 . 3 3 0 . 8
00 . x> 4 7 . 8
4 5 . 5 4 6 .  5
9 . 1 9 . 7
4 5 . 7 4 8 . 7
1 3 . 6 1 3 . 8
3 6 . 8 3 7 . 1
5 . 7 6 . 9
3 1 1 . 2 3 4 0 . 8
FLN M STB M
1 8 9 5 2 . 6 1 3 7 6 6 . 6
1 8 0 0 5 . 7 1 2 9  3 3 . 3
1 1 3 5 . 7 1 0 1 6 . 1
8 9 8 . 1 8 6 5 . 0
1 2 8 . 4 9 5 . 6
8  6 0 . 6 5 2 8 . 8
2 5 4 . 3 2 0 7 . 9
1 7 . 6 1 6 . 6
2 9 . 6 3 9 . 0
2 0 . 1 2 0 . 2
1 4 . 0 1 2 . 4
2 7 7 . 4 2 4 6 . 0
7 0 . 5 61 . 4
1 7 . 9 I 7 . 9
3 9 . 8 31 . 4
6 1 . 4 41 . 8
6 2 . 0 4 4 . 1
1 1 . 5 8 . 6
6 3 . 0 4 7 . 4
1 6 . 9 1 2 . 6
4 7 . 7 3 7 . 8
7 . 0 6 . 4




CHARACTER POL M COD M FLN M STB M
HOOK ROBUSTNESS 2 9 . 8 2 8 . 3 2 6 * 8 2 6 . 7
HOOK INCL ANGLE 5 . 8 8 . 1 9 . 6 4 0 .  7
STND HOOK ANGLE 0 . 2 0 . 3 0 . 4 1 . 5
HK ANGLE * PROB R 3 . 3 5 . 0 5 . 0 2 4 . 8
NECK WALL THICK 2 0 . 8 2 1  . 8 3 4 . 4 2 6 . 7
RELATIVE NECK THIC 1 0 . 5 1 0 . 9 1 3 . 5 1 3 . 1
LEMNI SCI LENGTH 1 0 3 5 . 9 10 8 I . 2 15  7 0 . 8 1 3 2 3 . 6
RECEPTACLE LENGTH 1 4 0 6 . 9 1 5 0 6 . 8 1 9 4 5 . 3 1 6 3 5 .  6
RECEPTACLE WIDTH 2 4 6 .  6 2 2 9 . 4 3 1 4 . 3 2 7 8 . 2
RECEPTACLE RATIO 1 7 . 8 1 5 . 6 1 6 . 6 1 8 . 7
RECEPTACLE VOLUME 1 8 . 0 1 7 . 9 1 8 . 8 1 8 . 3
PROB V/REC V RATIO 2 8 . 4 31 . 3 3 0 . 4 2 1 . 2
PROB L/R EC  L RATIO 41 . 1 3 8 . 7 4 5 . 4 3 5 . 2
REC L -  LEM L 3 0 0 . 6 3 5 0 . 4 26 6 . 3 2 3 8 . 1
XLEM L /R E C  L 7 3 . 6 7 3 . 4 8 0 . 8 8 1 . 3
HOOK NO & REC 1 3 . 0 1 5 . 9 1 7 . 2 1 4 . 4
RETINACULA TO T I P 4 1 3 . 0 4 2 3 . 1 5 4 1  .  1 4 8 8 . 8
XRET TO T I P / R E C  L 2 9 . 7 2 8 . 2 2 8 . 0 2 9 . 1
GANGLION TO T I P 5 5 7 . 8 59 2 . 2 7 5 8 .  7 6 7 3 . 2
XGANG TO T I P / R E C  L 4 0 . 0 3 9 . 5 3 8 . 8 4 0  .  0
XRET-XGANG 1 0 . 4 1 1 . 4 1 1 . 3 1 0 . 6
GANGLION LENGTH 2 3 6 . 1 221  .  5 2 7 3 . 9 21 6 . 3







GENITALIA TO REC 
T E S T I S  TO RETRACT 
ANT T E S T I S  LENGTH 
ANT T E S T I S  WIDTH 
POST T E S T I S  LENGTH 
POST T E S T I S  WIDTH 
T E S T I S  PROFILE  
T E S T I S  RATIO 
CEM GLND CLUST L 
# OF CEMENT GLANDS 
ARR OF CEMENT GLND 
CEM GLAND L 
CEM GLAND W 
SEMINAL VES LENGTH 
SF POUCH LENGTH 
SF POUCH WIDTH 
SF PCH RATIO 




POL M CC D M
1 9 . 0 1 8 . 4
3 . 7 3 . 7
6 7 5 9 . 4 7 0 1 7 . 6
6 6 . 5 6 6 . 6
2 0 3 5 . 2 1 9 3 6 . 9
31 . 9 1 3 . 6
9 8 7 . 6 1 0 9 8 . 7
28  4 . 6 2 9 9 . 5
9 4 4 . 3 1 0 5 2 . 1
2 8 8 . 9 3 2 0 . 5
1 2 . 5 1 2 . 7
2 9 . 7 2 7 . 9
2 2 9  1 . 6 2 3 8 3 . 4
6 . 0 6 . 0
* * * * * * * 8 9 7 0 3 . 8
3 8 7 . 5 4 1 5 . 5
281 . 8 2 9 6 .  5
3 6 8 . 2 2 9 9 . 2
1 0 1 0 . 8 1 0 3 7 . 0
2 9 0 . 5 2 9  3 . 7
2 9 . 1 2 8 . 4
* * * * * * * * * * * * * *
* * * * * * * * * * * * * *
FLN M STB M
1 9 . 3 2 0 . 4
4 . 0 3 . 9
1 1 69 1 .  1 8 8 3 8 . 7
6 5 . 1 6 5 .  5
4 3 6 9 . 3 3 1 3 1 . 4
8 4 4 . 0 1 5 9 . 8
1 7 6 9 . 7 1 3 1 2 . 4
5 71  . 7 3 6 5 . 2
1 6 8  5 .  7 1 2 0 7 . 0
5 6 1  . 0 3 5 4 . 3
1 3 . 3 1 3 . 0
3 2 . 7 2 8 . 5
4 2 6 2 . 1 3 3 1 1 . 4
6 . 0 6 . 0
* * * * * * * * * * * * * *
7 3 8 . 3 5 6 5 . 1
5 6 2 . 0 3 8  5 .  5
7 9 9 . 0 6 4 3 . 9
1 4 1 2 . 7 1 1 4 6 . 4
4 2 9 . 3 3 9 5 . 6
3 0 . 9 3 4 .  5
* * * * * * * * * * * * * *
* * * * * * * * * * * * * *
279
TABLE E l 9  
(CONTINUED)
CHARACTER POL M COD M FLN M STB M
UTERUS WIDTH * * * * * * * * * * * * * * * * * * * * * * * * * * * *
UTERUS RATIO * * * * * * * * * * * * * * * * * * * * * * * * * * * *
VAGINA LENGTH * * * * * * * * * * * * * * * * * * * * * * * * * * * *
EGG LENGTH * * * * * * * * * * * * * * * * * * * * * * * * * * * *
SPARSUS FEMALE * * * * * * * * * * * * * * * * * * * * * * * * * * * *
SPARSUS MALE 0 . 8 0 . 7 0 . 8 1 . 3
SEX < - l = F  * + 1 =M) 1 . 0 1 .0 1 . 0 1 . 0
HOST 2 . 0
ca•CO 1 . 0 3 . 7
280
TABLE E 2 0
'GADI GROUP* 1MEANS
CHARACTER POL F COD F FLN F STB F LDY F
TOTAL LENGTH 2 1 8 2 0 * 3 2 6 8 4 7 . 0 3 8 9 1 3 . 0 2 8 1 9 7 . 9 1 62  6 9 . 0
METASOMA LENGTH 21 1 2 7 * 6 2 6 1  7 6 .  5 3 7 8 9 6 . 2 2 7 6 5 5 . 9 1 5 2 5 2 . 7
MAXIMUM WIDTH 7 2 7 . 3 8 3 3 . 4 1 3 9 5 . 9 1 0 8  3 . 2 11 1 6 . 9
POST BODY WIDTH 4 1 7 . 7 4 5 5 . 8 9 0 6 . 6 6 6 8  . 1 67 8  . 8
BODY TAPER 1 6 9 . 3 1 5 4 .  S 1 3 5 . 2 1 3 5 . 0 3 2 0 . 9
PROBOSCIS LENGTH 631 . 1 6 0 9 . 6 9 2 4 . 5 5 9 0 . 1 9 2 4 . 9
PROBOSCIS WIDTH 2 2 0 . 4 2 1 9 .  5 2 8 9 . 4 2 2 8 . 3 2 9 9 . 8
PROBOSCIS VOLUME 1 7 . 0 1 6 . 9 1 7 . 9 1 7 . 0 1 8 . 0
PROBOSCIS RATIO 3 4 . 8 3 6 . 0 3 1 . 6 4 0 . 2 3 2 . 4
# OF HOOK ROWS 2 1 . 4 21 . 4 2 1  . 8 2 1  . 2 2 0 . 0
HOOKS PER ROW 1 2 . 0 1 1 . 9 1 3 . 9 1 2 . 3 1 2 . 8
HOOK NUMBER 2 5 0 . 7 2 4 9 .  7 2 9 5 . 9 2 5 3 . 3 2 5 1  . 9
HOOK DISTR IB UTI ON 5 6 .  5 5 5 . 8 6 3 . 8 58 . 2 6 4 . 5
HOOK DI SP E R SI O N 1 7 . 5 1 5 . 4 1 8 . 4 1 6 . 7 2 2 . 8
PROB CIRC & #ROWS 3 2 . 6 3 2 . 2 4 1 . 7 3 3 . 9 4 8 .  1
PROB L & HKS/ROW 5 2 . 6 51 . 2 6 6 . 7 4 8 . 0 7 3 . 0
ANT HK BLADE L 5 0 . 4 5 3 . 4 6 7 . 3 5 1 . 5 6 5 . 8
ANT HK BASE L 9 . 7 1 0 . 8 1 2 . 0 1 0 . 0 1 1 . 0
MID HK BLADE L 4 9 . 0 4 9 . 8 6 7 . 3 5 2 . 2 6 9 . 6
MID HK BASE L 1 4 . 4 1 5 . 0 I 7 . 5 1 4 . 5 1 8 . 1
POST HK BLADE L 3 7 . 6 3 7 .  5 5 0 . 1 41 . 0 4 4 .  7
POST HK BASE L 5 . 6 6 . 0 7 . 3 6 . 6 7 .  7




CHARACTER POL F COD F FLN F STB F LDY F
HOOK ROBUSTNESS 2 9 . 4 3 0 . 1 2 6 . 1 2 7 . 7 2 6 . 4
HOOK INCL ANGLE 7 . 6 6 . 7 7 . 9 3 9 . 2 4 . 4
STND HOOK ANGLE 0 . 3 0 . 2 0 . 3 1 . 5 0 . 2
HK ANGLE & PROB R 4 . 8 4 . 2 4 . 4 2 5 . 0 2 . 5
NECK WALL THICK 1 9 . 0 2 4 . 6 3 5 . 9 2 5 . 5 2 8 . 8
RELATIVE NECK THI C 8 . 7 1 1 . 0 1 2 . 5 1 0 . 8 9 . 9
LEMNI SCI LENGTH 1 2 0 1 . 1 1 3 1 2 . 2 1 5 6 8 . 2 1 4 3 6 . 1 9  6 0 . 5
RECEPTACLE LENGTH 1 4 5 5 . 6 1 5 6 4 . 2 1 7 3 6 . 6 1 7 0 8 . 5 1 4 7 6 . 3
RECEPTACLE WIDTH 2 5 7 . 5 2 5 2 . 4 3 2 2 . 3 3 4 1  . 0 3 3 4 . 1
RECEPTACLE RATIO 1 8 . 4 1 6 . 3 1 9 . 0 2 0 . 4 2 2 . 8
RECEPTACLE VOLUME 1 8 . 1 1 8 . 2 1 8 . 7 1 8 . 8 1 8 . 6
PROB V/REC V RATIO 3 5 . 3 3 2 . 3 4 5 . 8 1 7 . 2 5 4 . 6
PROB L /R E C  L RATIO 4 4 . 6 3 9 . 8 5 4 . 3 3 5 . 1 6 3 . 3
REC L -  LEM L 1 7 6 . 0 1 7 3 . 8 8  1 . 6 1 3 6 . 9 4 2 9 . 3
XLEM L /R E C  L 8 3 . 5 8 4 . 5 3 9 . 9 8  6 . 8 6 5 . 6
HOOK NO * REC 1 3 . 9 1 5 . 5 1 5 . 9 1 3 . 1 1 1 . 2
RETINACULA TO T I P 4 0 8 . 6 4 4 4 . 6 4 6 9  . 9 5 0 1 . 7 5 5 7 . 4
XRET TO T I P / R E C  L 2 8 . 4 2 8 . 8 2 6 . 9 2 9 . 4 3 7 . 9
GANGLION TO T I P 5 7 4 . 2 61 7 . 5 7 2 6 . 7 6 4 0 .  1 7 6 8  . 5
XGANG TO T I P / R E C  L 4 0 . 0 4 0 . 0 4 0 . 8 3 7 . 7 5 4 . 2
XRET-XGANG 1 1 . 6 1 0 . 9 1 4 . 6 8 . 1 1 4 . 1
GANGLION LENGTH 2 3 9 . 8 2 2 7 . 0 2 7 3 . 0 2 3 4 . 9 1 9 7 . 3




CHARACTER POL F COD F FLN F STB F LDY F
%RETR/METASOME • 2 6 . 0 2 1 . 6 2 1 . 2 2 2 . 2 31 . 1
MATURITY 3 . 1 3 . 9 4 . 0 4 . 3 3 . 2
GENITALIA LENGTH 1 6 3 9 . 8 1 6 6 1 . 8 2 2 1 2 . 6 1 7 6 5 . 8 1 5 0 6 .  5
%GEN L/METASOMA 8 . 9 7 . 0 6 . 2 6 . 4 1 2 . 3
GENITALIA TO REC 1 7 4 2 4 . 0 211  1 9 . 8 3 5 8 8 1 . 2 2 6 2 9 9 . 8 1 2 2 3 4 . 4
UTERINE BELL L 2 7 6 , 2 2 9 3 .  1 3 6 9 . 5 3 7 7 . 3 2 8 8 . 3
UTERUS LENGTH 1 1 4 6 . 6 1 0 9 4 . 8 1 5 3 4 . 6 1 1 1 6 . 3 9 3 3 . 7
UTERUS WIDTH 9 1 . 0 9 7 . 2 1 2 1 . 3 9 4 . 3 9 9 . 7
UTERUS RATIO 7 . 9 8 . 8 7 . 9 8 . 3 1 1 . 5
VAGINA LENGTH 1 9 8 .  7 2 0 2 . 7 2 5 9  .  2 2 2 5 . 6 21 3 . 1
EGG LENGTH 7 6 .  1 8 1 . 9 9 4 . 4 7 9 . 9 1 0 0 .  5
SPARSUS FEMALE 0 . 2 0 . 2 0 . 2 0 . 3 0 . 7
SEX ( - 1 = F  ,  + I=M> - 1 . 0 - 1 . 0 - 1 . 0 - 1 . 0 - 1  . 0




META SOMA LENGTH 
MAXIMUM WIDTH 






# OF HOOK ROWS 
HOOKS PER ROW 
HOOK NUMBER 
HOOK DIS TR IB UTI ON  
HOOK DIS PERSIO N  
PROB CIRC & #ROWS 
PROB L « HKS/ROW 
ANT HK BLADE L 
ANT HK BASE L 
MID HK BLADE L 
MID HK BASE L 
POST HK BLADE L 




S PS F SPS M
2 0 5 8 4 . 9 1 2 0 0 9 . 5
1 9 7 0 2 . 3 1 1 3 7 2 . 3
1 0 3 3 . 4 , 9 4 5 . 2
7 0 3 . 0 7 5 4 . 3
1 7 3 . 5 1 6 6 . 8
7 1 4 .  1 6 6 0 . 6
2 5 2 . 4 2 2 5 . 9
1 7 . 4 1 7 . 1
3 5 . 3 3 4 . 3
1 7 . 1 1 6 . 5
1 0 . 4 1 0 . 4
1 7 3 . 1 1 6 7 .  1
6 0 . 5 6 2 .  6
2 2 . 8 2 5 . 8
4 6 . 4 4 3 .  1
.00»o 6 3 . 4
5 6 . 6 5 2 . 5
1 0 . 5 9 . 9
6 2 . 6 5 7 . 9
1 7 . 0 1 4 . 9
4 6 . 8 4 3 . 2
7 . 5 6 . 9
5 3 4 . 6 4 3 4 . 2
TSERS HIPPO
1 5 4 7 2 . 1 1 4 3 0 0 . 4
1 4 6 2 7 . 0 1 3 2 9 0 . 6
1 0 9  6 . 5 1 2 0 7 . 0
73 6 . 9 8 1 3 . 2
2 0 9 . 2 34 1 . 3
7 6 8 . 2 9 2 6 .  5
21 5 . 0 2 3 7 . 8
1 7 . 1 1 7 .  5
2 8 . 3 2 5 . 8
1 4 . 5 1 6 .  5
1 1 . 6 1 2 . 0
1 6 2 . 9 1 9 1 . 7
7 9 . 5 7 3 . 0
1 8 . 5 2 0 . 6
4 6 . 6 4 5 . 3
6 7 . 3 7 7 . 4
5 4 . 9 8 2 . 1
1 0 . 5 1 5 . 4
6 4 * 8 8 1 . 4
1 8 . 7 1 9 . 0
4 0 . 7 4 8 . 6
-j # u» 9 . 2
6 0 7 . 6 7 7 4 . 2
TABLE E2I
(CONTINUED)
CHARACTER SPS F S P S  M TSERS HIPPO
HOOK ROBUSTNESS 2 7 . 3 2 5 . 9 2 9 . 0 2 3 . 3
HOOK INCL ANGLE 3 . 8 3 . 6 1 . 9 8 . 7
STND HOOK ANGLE 0 . 1 0 . 1 0 .  1 0 . 4
HK ANGLE & PROB R 2 . 4 2 . 2 1 . 0 3 . 8
NECK WALL THICK 5 3 . 2 5 3 . 9 3 0 . 5 1 8 . 6
RELATIVE NECK THI C 2 1  . 2 2 4 . 1 1 4 .  5 8 . 8
LEMNI SCI LENGTH 1 1 5 0 . 9 1 1 0 7 . 8 1 0 2 0 . 0 1 1 5 6 . 0
RECEPTACLE LENGTH 1 4 4 7 . 7 1 3 3 0 . 0 1 5 3 8 . 3 1 4 0 2 . 5
RECEPTACLE WIDTH 2 7 0 . 8 2 4 8 .  7 2 6 3 .  6 3 0 9 . 3
RECEPTACLE RATIO 1 8 . 8 1 8 . 8 1 8 . 0 2 3 . 1
RECEPTACLE VOLUME 1 8 . 2 1 8 . 0 1 8 . 2 1 8 . 4
PROB V/REC  V RATIO 4 5 . 3 4 2 .  7 3 5 . 2 4 6 . 2
PROB L /R E C  L RATIO 4 9 . 8 5 0 . 8 5 0 . 6 6 7 . 4
REC L -  LEM L 2 2 2 .  6 1 5 3 . 2 4 4 5 .  6 2 1 6 . 5
XL EM L /R E C  L 8 0 . 1 8 4 . 9 6 6 . 0 8 3 * 4
HOOK NO 4 REC 9 . 2 9 . 0 9 . 1 9 . 1
RETINACULA TO T I P 4 0 2 . 5 3 5 9 . 1 4 6 3 . 4 3 3 1  . 5
XRET TO T I P / R E C  L 2 7 . 9 2 7 . 2 3 0 . 2 2 7 . 0
GANGLION TO T I P 6 3 2 . 6 5 5 5 . 7 6 9 8 . 3 * * * * * * *
XGANG TO T I P / R E C  L 4 3 . 9 4 2 . 6 4 5 . 3 * * * * * * *
XRET-XGANG 1 6 . 1 1 5 . 2 1 4 . 9 * * * * * * *
GANGLION LENGTH 2 7 8  . 3 2 7 3 . 2 2 6 1  . 0 * * * * * * *







GENITALIA TO REC 
T E S T I S  TO RETRACT 
ANT T E S T I S  LENGTH 
ANT T E S T I S  WIDTH 
POST T E S T I S  LENGTH 
POST T E S T I S  WIDTH 
T E S T I S  PROFILE  
T E S T I S  RATIO 
CEM GLND CLUST L 
# OF CEMENT GLANDS 
ARR OF CEMENT GLND 
CEM GLAND L 
CEM GLAND W 
SEMINAL VES LENGTH 
SF POUCH LENGTH 
SF POUCH WIDTH 
SF PCH RATIO 




S PS F SPS M
2 4 . 2 2 1  . 8
2 . 0 3 . 6
1 6 4 6 . 9 6 7 4 7 . 5
8 . 9 5 7 . 7
1 6 2 1 6 . 0 3 7 3 2 . 6
* * * * * * * 1 1 4 3 . 3
* * * * * * * 1 1 6 9 . 9
* * * * * * * 4 6 8 . 4
* * * * * * * 1 1 1 2 . 1
* * * * * * * 4 5 3 . 6
* * * * * * * 1 3 . 2
* * * * * * * 4 0 . 8
* * * * * * * 2 1 4 1 . 2
* * * * * * * 6 . 0
* * * * * * * 5 0  3 2 9 . 2
* * * * * * * 4 5 9 . 0
* * * * * * * 3 1 8 . 2
* * * * * * * 2 0 9 .  1
* * * * * * * 8  7 0 . 5
* * * * * * * 3 8 0 . 4
* * * * * * * 4 3 . 9
4 1 0 . 5 * * * * * * *
1 0 1 9 . 2 * * * * * * *
TSERS HI PPO
2 2 . 9 * * * * * * *
3 . 1 4 . 7
5 6 4 7 . 1 6 3 2 4 . 0
4 9 . 8 6 3 . 0
4 9 9 1 . 6 2 5 4 3 . 0
3 7 4 . 0 * * * * * * *
1 2 3 5 . 3 9 8 9 . 0
4 3 4 . 1 4 8 9 . 0
1 1 6 7 . 3 1 0 2 0 . 0
4 2 9 . 6 5 1 0 . 0
1 3 . 2 1 3 . 1
3 5 .  6 4 9 . 4
2 5 9 4 . 6 2 0 4 0 . 0
6 . 0 6 . 0
5 4 4 8 9 . 9 * * * * * * *
531 . 4 * * * * * * *
3 3 7 . 7 * * * * * * *
1 0 2 . 0 4 5 9  . 0
8 9 5 . 3 9 1 8 . 0
3 7 0 . 4 3 3 7 . 0
41 . 4 * * * * * * *
3 1 6 . 3 * * * * * * *
9 5 2 . 0 1 6 5 7 . 5
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TABLE E21  
(CONTINUED)
CHARACTER SPS F
UTERUS WIDTH 1 4 3 . A
UTERUS RATIO 1 4 . 3
VAGINA LENGTH 2 1 8 . 2
EGG LENGTH 8 1 . 2
SPARSUS FEMALE 1 . 3
SPARSUS MALE * * * * * * *
SEX ( - 1 = F  « + 1=M> - 1  . 0
HOST 1 . 0
S P S  M TSERS HIPPO  
* * * * * * *  9 1 . 8  1 5 6 . 3
* * * * * * *  9 . 3  1 0 . 3
* * * * * * *  2 1 9 . 2  3 0 6 . 0
* * * * * * *  9 9 . 8  1 0 1 . 8
* * * * * * *  0 . 4  0 . 1
5 . 1  2 . 0  * * * * * * *
1 . 0  0 . 1  - 0 . 3
1 . 0  0 . 0  8 . 2
287
CHARACTER
TABLE E2 2  
SPS & GADI MEANS 
SPS F FLN F SPS M FLN M
TOTAL LENGTH 2 0 5 8 4 . 9 3 8 9 1 3 . 0 1 2 0 0 9 . 5 1 8 9 5 2 . 6
META SOMA LENGTH 1 9 7 0 2 . 3 3 7 8 9 6 . 2 1 1 3 7 2 . 8 1 8 0 0 5 . 7
MAXIMUM WIDTH 1 0 3 3 . 4 1 3 9 5 . 9 9 4 5 . 2 1 1 3 5 . 7
POST BODY WIDTH 7 0 3 . 0 9 0 6 . 6 7 5 4 . 3 8 9 8 . 1
BODY TAPER 1 7 3 . 5 1 3 5 . 2 1 6 6 . 8 1 28  . 4
PROBOSCIS LENGTH 7 1 4 .  1 9 2 4 . 5 6 6 0 . 6 8  6 0 .  6
PROBOSCIS WIDTH 2 5 2 . 4 2 8 9 . 4 2 2 5 . 9 2 5 4 . 3
PROBOSCIS VOLUME 1 7 . 4 1 7 . 9 1 7 . 1 1 7 . 6
PROBOSCIS RATIO 3 5 . 3 31 .  6 3 4 . 3 2 9 .  6
# OF HOOK ROWS 1 7 . 1 2 1  . 8 1 6 . 5 2 0 . 1
HOOKS PER ROW 1 0 . 4 1 3 . 9 1 0 . 4 1 4 . 0
HOOK NUMBER 1 7 3 . 1 2 9 5 . 9 1 6 7 . 1 2 7 7 . 4
HOOK DIS TRI BUTIO N 6 0 . 5 6 3 . 8 6 2 . 6 7 0 . 5
HOOK DISPER SION 2 2 . 8 1 8 . 4 2 5 . 8 1 7 . 9
PROB CIRC & #ROWS 4 6 . 4 41 .  7 4 3 .  1 3 9 . 8
PROB L & HKS/ROW 6 8 . 4 6 6 . 7 6 3 . 4 61 . 4
ANT HK BLADE L 5 6 . 6 6 7 . 3 5 2 . 5 6 2 . 0
ANT HK BASE L 1 0 . 5 1 2 . 0 9 . 9 1 1 . 5
MID HK BLADE L 6 2 . 6 6 7 . 3 5 7 . 9 6 3 . 0
MID HK BASE L 1 7 . 0 1 7 . 5 1 4 . 9 1 6 . 9
POST HK BLADE L 4 6 . 8 5 0 . 1 4 3 . 2 4 7 . 7
POST HK BASE L 7 . 5 7 . 3 6 . 9 7 . 0




HOOK INCL ANGLE 
STND HOOK ANGLE 
HK ANGLE & PROB R 
NECK WALL THICK 
RELATIVE NECK THIC  





PROB V/REC V RATIO 
PROB L /R E C  L RATIO 
REC L -  LEM L 
XLEM L /R E C  L 
HOOK NO & REC 
RETINACULA TO T I P  
XRET TO T I P / R E C  L 
GANGLION TO T I P  






S P S  F FLN F
2 7 . 3 2 6 .  1
3 . 8 7 . 9
0 . 1 0 . 3
2 . 4 4 .  4
5 3 . 2 3 5 . 9
2 1  .  2 1 2 . 5
1 1 5 0 . 9 1 5 6 8 . 2
1 4 4 7 . 7 1 7 3 6 . 6
2 7 0 . 8 3 2 2 . 3
1 8 . 8 1 9 . 0
18 * 2 1 8 . 7
4 5 . 3 4 5 . 8
4 9 . 8 5 4 . 3
2 2 2 . 6 8 1 . 6
8 0 .  1 8 9 . 9
9 . 2 1 5 . 9
4 0 2 . 5 4 6 9 . 9
2 7 . 9 2 6 . 9
6 3 2 . 6 7 2 6 . 7
4 3 . 9 4 0 . 8
1 6 . 1 1 4 . 6
2 7 8 . 3 2 7 3 . 0
4 6 3 8 . 5 7 6 5 7 . 8
SPS M FLN M
2 5 . 9 2 6 . 8
3 . 6 9 . 6
0 . 1 0 . 4
2 . 2 5 . 0
5 3 . 9 3 4 . 4
2 4 .  1 1 3 . 5
1 1 0 7 . 8 1 5 7 0 . 3
1 3 3 0 . 0 1 9 4 5 . 3
2 4 8  .  7 3 1 4 . 3
1 8 . 8 1 6 . 6
1 8 . 0 1 8 . 8
4 2 . 7 3 0 . 4
5 0 . 8 4 5 . 4
1 5 3 . 2 2 8 6 . 3
8 4 . 9 8 0 . 8
9 . 0 1 7 . 2
3 5 9 .  1 541  . 1
2 7 . 2 2 8 . 0
5 5 5 . 7 7 5 8 . 7
4 2 . 6 3 8 . 3
1 5 . 2 1 1 . 3
2 7 3 . 2 2 7 3 . 9
2 7 1 4 . 5 3 5 1 0 . 9
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CHARACTER
TABLE E 2 2  
(CONTINUED )  
S P S  F FLN F SPS M FLN M
XRETR/METASOME 2 4 . 2 2 1 . 2 2 1  . 8 1 9 . 3
MATURITY 2 . 0 4 . 0 3 . 6 4 . 0
GENITALIA LENGTH 1 6 4 6 . 9 2 2 1 2 . 6 6 7 4 7 . 5 11  691 . 1
SGEN L/METASOMA 8 . 9 6 . 2 5 7 . 7 6 5 . 1
GENITALIA TO REC 1 6 2 1 6 . 0 3 5 3 8 1 . 2 3 7 3 2 . 6 4  3 69 . 3
T E S T I S  TO RETRACT * * * * * * * * * * * * * * 1 1 4 3 . 3 8 4 4 . 0
ANT T E S T I S  LENGTH * * * * * * * * * * * * * * 1 1 69 . 9 1 7 6 9 . 7
ANT T E S T I S  WIDTH * * * * * * * * * * * * * * 4 6 3  . 4 571  . 7
POST T E S T I S  LENGTH * * * * * * * * * * * * * * 1 1 1 2 . 1 1 6 8  5 . 7
POST T E S T I S  WIDTH * * * * * * * * * * * * * * 4 5 3 . 6 561 . 0
T E S T I S  PR OF ILE * * * * * * * * * * * * * * 1 3 . 2 1 3 . 8
T E S T I S  RATIO * * * * * * * * * * * * * * 4 0 . 8 3 2 . 7
CEM GLND CLUST L * * * * * * * * * * * * * * 2 1 4 1 . 2 4 2 6 2 . 1
# OF CEMENT GLANDS * * * * * * * * * * * * * * 6 . 0 6 . 0
ARR OF CEMENT GLND * * * * * * * * * * * * * * 5 0 3 2 9 . 2 * * * * * * *
CEM GLAND L * * * * * * * * * * * * * * 4 5 9 . 0 7 3 8 . 3
CEM GLAND W * * * * * * * * * * * * * * 3 1 8 . 2 5 6 2 . 0
SEMINAL VES LENGTH * * * * * * * * * * * * * * 2 0 9 .  1 7 9 9 . 0
SF POUCH LENGTH * * * * * * * * * * * * * * 8  7 0 . 5 1 4 1 2 . 7
SF POUCH WIDTH * * * * * * * * * * * * * * 3 8 0 . 4 4 2 9 . 3
SF PCH RATIO * * * * * * * * * * * * * * 4 3 . 9 3 0 . 9
UTERIN E BELL L 4 1 0 . 5 3 6 9 . 5 * * * * * * * * * * * * * *
UTERUS LENGTH 1 0 1 9 . 2 1 5 8 4 . 6 * * * * * * * * * * * * * *
290
TABLE E 2 2  
(CONTINUED)
CHARACTER SPS F FLN F SP S M FLN M
UTERUS WIDTH 1 4 3 . 4 121 . 3 * * * * * * * * * * * * * *
UTERUS RATIO 1 4 . 3 7 . 9 * * * * * * * * * * * * * *
VAGINA LENGTH 2 1 8 . 2 2 5 9 . 2 * * * * * * * * * * * * * *
EGG LENGTH 81 . 2 9 4 . 4 * * * * * * * * * * * * * *
SPARSUS FEMALE 1 . 3 0 . 2 * * * * * * * * * * * * * *
SPARSUS MALE * * * * * * * * * * * * * * 5 .  1 0 . 8
SEX C - 1 = F  ,  + 1 =M) - 1  . 0 - 1  . 0 1 . 0 1 . 0
HOST 1 . 0 1 . 0 1 . 0 1 . 0
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